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TO: Beef cattle producers, livestock and meat industry personnel 
and others in animal agri 
n Y? 
FROM: John R. Romans, Head 
Department of Animal Sciences, SDSU 
SUBSECT: 1986 SDSU BEEF REPORT u 
This f i r s t  annual BEEF RJSCW is indicative of how we here in  the 
College of Agriculture and Biological Sciences a t  SDSU are pulling 
together t o  serve South Dakota's number one industry--beef cat t le .  The 
table of contents shm that this report is a research update from 
several d e w t s ,  all focusing ultimately on your industry. The SDSU 
A g r i c u l t u r a l  E k p e r h t  Station and Cooperative Extension Service are 
united in a service function through several academic departments. 
However, this level of research and extension could not be carried out 
without h-dustry support. Listed inside the back cover are organizations 
and individuals tha t  have helped support the beef cattle research 
efforts.  Your support is sincerely appreciated! 
No industry has been confronted with the challenge t o  change or face 
extinction more c r i t i ca l ly  than the beef industry. Each step of the way, 
from conception t o  consumption, w e  must cut input costs in order t o  
increase efficiency and profitability. We must a l l  work together t o  
u t i l i ze  our rangeland resources and feed grains through ruminants here in 
South Dakota. The beef story is large and complex and th is  publication 
tells just  a portion of it. There are a l o t  of new people here a t  SDSU 
and new t h r u s t s  are being made by all faculty. 
Came see us here on campus or go t o  your closest extension 
agent--preferably do both! Let  us get t o  know each other better.  W e  are 
here t o  serve. A s  always, we welcome your suggestions and your v i s i t s .  
COOPERATIVE EXTENSION SERVICE 
SOUTH DAKOTA STATE UNIVERSITY 
Box 2170 
Brookings, SD 57007-0392 
Department of Animal and Range Scier 
Livestock-Poultry-Meat Science- 
Range Science 
College of  Agriculture and Biological 
Sciences 
Phone (605) 688-5165 
December, 1986 
FROM THE EDITORS 
. . 
Dear Friends: 
We are pleased to present this, our first annual SDSU BEEF REFORT. 
It is a campilation of research reports and applied infomtion relating 
especially to the kef cattle industry. 
The papers included in this report have been prepared by SDSU 
research and extension scientists, not only in the Depar!ment of Animal 
and Range Sciences, but also in Chemistry, Economics, Dairy Science, 
Plant Science and Veterinary Science. 
Since some of the projects from which results are reported are still 
in prqress, the preliminary nature of the results should be recognized. 
For the reader's convenience, the articles included are grouped by 
specific subject matter area. 
Preparation of this annual beef report has required the coordinated 
effort of a number of people. To all who have contributed, thank you. 
Our special thanks to manuscript reviewers; it is hard work, we 
appreciate your efforts. We want to express our appreciation to Maryie 
Than for preparing the manuscripts and assembling all the individual 
reports to make up this publication. She has contributed many hours to 
the campletion of this report. 
We trust you will find this annual keef report interesting and of 
value. If you have questions or would like additional infomtion, 
please do not hesitate to call on us. 
Sincerely, 
ion Ruminant Nutritionist 
JJW/ JAM: mv 
fi A. Minyard 
Extension Beef Specialist 
South Dakota State Unlverslty, South Dakota Countles and U S Department of  Agr~culture Cwperatlng 
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INTERPRETING EXPERIMEXI!AL RES[TLTS 
D. M. Marshall  
Department of Animal and Range Sciences 
B E E F  R E P O R T  /' 
A t y p i c a l  experimental format involves eva lua t ing  t h e  response caused by 
a p p l i c a t i o n  of d i f f e r e n t  t reatments  t o  experimental s u b j e c t s  (animals,  carcasses .  
pens, pas tu res ,  e t c . )  . The e f f e c t  of a  given t rea tment  might be  evaluated by 
comparison t o  a  con t ro l  group o r  t o  one o r  more o the r  t rea tment  groups. However, 
a  problem wi th  animal r e sea rch  (and o t h e r  types a s  w e l l )  is  t h a t  v a r i a t i o n  not  
due t o  t rea tments  o f t en  e x i s t s  among experimental sub jec t s .  
For example, suppose t h a t  animals rece iv ing  r a t i o n  A grow f a s t e r  than 
animals r ece iv ing  r a t i o n  B. Was t h e  observed d i f f e rence  i n  growth r a t e s  a c t u a l l y  
due t o  d i f f e rences  i n  the  r a t i o n s  o r  t o  o the r  f a c t o r s  ( i . e . .  gene t i c s ,  age, sex,  
e t c . )  o r  some of each? S t a t i s t i c a l  analyses eva lua te  t h e  amount of v a r i a t i o n  
between treatment  groups r e l a t i v e  t o  t h e  amount of v a r i a t i o n  w i t h i n  t reatment  
groups. In  add i t ion ,  v a r i a t i o n  caused by f a c t o r s  o t h e r  than t rea tments  can 
sometimes be el iminated by t h e  s t a t i s t i c a l  ana lys i s .  
The s tatement  " the d i f f e r e n c e  was s t a t i s t i c a l l y  s i g n i f i c a n t  (P<.05)" 
i n d i c a t e s  t h e  p r o b a b i l i t y  of a  d i f f e rence  of t h a t  magnitude occurr ing from chance 
r a t h e r  than from t h e  r e sea rch  t reatment  i s  l e s s  than 5%. 
A c o r r e l a t i o n  c o e f f i c i e n t  provides an i n d i c a t i o n  of t h e  r e l a t i o n s h i p  between 
two f a c t o r s  and can range from -1 t o  + l .  A s t rong,  p o s i t i v e  c o r r e l a t i o n  ( c lose  
t o  1) i n d i c a t e s  t h a t  a s  one f a c t o r  i nc reases  t h e  o the r  f a c t o r  tends  t o  inc rease ,  
a l so .  For example, s eve ra l  s t u d i e s  have shown a  p o s i t i v e  c o r r e l a t i o n  between cow 
milk y i e l d  and c a l f  weaning weight. A s t rong  negat ive  c o r r e l a t i o n  ( c lose  t o  -1) 
i n d i c a t e s  t h a t  a s  one f a c t o r  i nc reases  t h e  o t h e r  f a c t o r  tends  t o  decrease. A 
c o r r e l a t i o n  nea r  ze ro  i n d i c a t e s  t h e  two f a c t o r s  a r e  unre la ted .  
Means (averages) ,  c o r r e l a t i o n s  and o t h e r  s t a t i s t i c s  presented i n  research  
r e s u l t s  a r e  sometimes followed by + some f i g u r e  known a s  t h e  s tandard  e r r o r .  The 
s tandard  e r r o r  provides an i n d i c a t i o n  of t he  poss ib l e  e r r o r  wi th  which t h e  
s t a t i s t i c  was measured. The s i z e  of t h e  s tandard e r r o r  of a  t rea tment  mean 
depends on t h e  animal t o  animal v a r i a t i o n  wi th in  a  t reatment  group and on t h e  
number of animals i n  t h e  group. 
A l l  o t h e r  f a c t o r s  being equal ,  t h e  g r e a t e r  t h e  amount of animals and(or)  
r e p l i c a t i o n s  pe r  t rea tment ,  t h e  smal le r  t h e  d i f f e rence  requi red  t o  achieve a  
given va lue  f o r  p r o b a b i l i t y  of s ign i f i cance .  S ta ted  another  way, increas ing  t h e  
number of animals o r  r e p l i c a t i o n s  inc reases  the  l i ke l ihood  of de t ec t ing  
d i f f e rences  due t o  t rea tments  when such d i f f e rences  do indeed e x i s t .  
Several of t he  research  r epor t s  i n  t h i s  pub l i ca t ion  con ta in  s t a t i s t i c a l  
terminology. Although such terms might be unfami l ia r  t o  some readers ,  t h e  
s t a t i s t i c a l  analyses allow f o r  more appropr i a t e  i n t e r p r e t a t i o n  of r e s u l t s  and 
make t h e  r e p o r t s  more usefu l .  
SDSU PUREBRED BEEP HERDS 
R. J. P r u i t t  and R. H. Haigh 
Department of Animal and Range Sciences 
\ \ BEEF REPORT 
A herd  of purebred Angus and Simmental cows i s  maintained n e a r  t h e  SDSU 
campus t h a t  is used f o r  teaching.  r e sea rch  and ex t ens ion  a c t i v i t i e s .  C a t t l e  
maintained a t  t h i s  u n i t  a r e  made a v a i l a b l e  f o r  In t roduc to ry  Animal Science. 
meats,  animal breeding. beef product ion.  and l i v e s t o c k  eva lua t ion  courses .  
Current  r e s e a r c h  under t h e  d i r e c t i o n  of D r .  Herley M i l l e r  i s  r epo r t ed  i n  ano the r  
paper  i n  t h i s  pub l i ca t i on .  Besides  use i n  t h e  classroom. c a t t l e  a r e  used f o r  t h e  
annual SDSU L i t t l e  I n t e r n a t i o n a l .  f i e l d  days and numerous 4-H and FFA and o t h e r  
educa t iona l  events .  I n  a d d i t i o n  t o  provid ing  r e sea rch  informat ion  and an 
oppor tun i ty  f o r  educa t ion ,  we hope t h i s  herd  can provide  a  s t imu lus  f o r  
i n t e r a c t i o n  between s t u d e n t s  and f a c u l t y  w i t h  a  common i n t e r e s t  and an avenue f o r  
communication between f a c u l t y  and producers  i n  t h e  region. 
Approximately 35 Angus and 30 Simmental females w i l l  be inseminated i n  1987 
t o  some of t h e  e l i t e  b u l l s  of t h e  i n d u s t r y  a s  i n d i c a t e d  by n a t i o n a l  s i r e  summary 
information.  For tuna te ly .  b r eede r s  throughout the  U.S. have been generous i n  
donat ing semen from t h e  e l i t e  b u l l s  of t h e i r  r e s p e c t i v e  breed  t h a t  f i t  ou r  
s e l e c t i o n  goa l s .  Donations o r  d i s coun t s  on semen and/or  A 1  c e r t i f i c a t e s  from t h e  
fol lowing a r e  g r a t e f u l l y  acknowledged. 
American Breeders  Service.  DeForest. W I  
Big Sky Assoc ia tes  . Clove r d a l e  . I N  
O I N e i l l s  Angus. Logan. I A  
Power Play Assoc ia tes .  Jackson. MO 
Prospec t  Farms. Arva. Ontar io .  Canada 
S e l e c t  S i r e s .  P l a i n  City.  OH 
Quirk Land and C a t t l e  Co.. Hast ings.  NE 
The A 1  s i r e s  of ou r  1986 c a l f  c rop  averaged t h e  fol lowing i n  t h e i r  
r e s p e c t i v e  s i r e  summaries : 
Expected 
progeny 
d i f f e r e n c e  
Angus ( 4  s i r e s )  C Simmental ( 4  s i r e s )  
B i r t h  weight +6.0 Calving ea se  
Weaning weight  +40.8 B i r t h  weight 
Milk +5.3 Weaning weight 
Combined materna l  index +25.7 Year l ing  weight 
Yea r l i ng  weight  +61.8 Maternal ca lv ing  ea se  
Maternal weaning weight  
Maternal milk 
Expected 
progeny 
d i f f e r e n c e  
The c u r r e n t  s i r e  summaries pub l i shed  by most b r eed  a s s o c i a t i o n s  a r e  t h e  most 
powerful t o o l  t h e  beef  i n d u s t r y  has t o  improve t h e  t r u e  g e n e t i c  v a l u e  o f  beef  
c a t t l e  f o r  t hose  t ra i t s  t h a t  a r e  repor ted .  Th is  a p p l i e s  n o t  on ly  t o  s e l e c t i o n  of 
b u l l s  v i a  purchased semen bu t  a l s o  s e l e c t i o n  of b u l l s  used f o r  n a t u r a l  s e r v i c e  i n  
commercial he rds .  
Approximately 30  cows a r e  mainta ined a s  embryo r e c i p i e n t  cows. The 
dona t ions  of f r ozen  and f r e s h  embryos by s e v e r a l  South Dakota Simmental b r e e d e r s  
t o  h e l p  expand our  Simmental he rd  i s  t r u l y  app rec i a t ed .  These i nc lude :  
B i l l  and Theresa  Bunker. D e l l  Rapids. SD 
Bob Healy Family. Pukwana. SD 
Nickeson Farms. Veblen. SD 
L a r j r  Nylander. Lebanon. SD 
Rel iance  C a t t l e  Co.. Spea r f i sh .  SD 
Ern i e  Swier Family. Brandon. SD 
D r .  B i l l  Hines. Spea r f i sh .  SD has  generous ly  donated h i s  t i m e  and e x p e r t i s e  
i n  performing t h e  t r a n s f e r  procedures .  
Each s p r i n g  t h e  ve ry  t op  end of t h e  y e a r l i n g  b u l l s  a r e  o f f e r e d  f o r  s a l e  on a 
p r i v a t e  t r e a t y  b a s i s .  Our l ong  range g o a l  i s  t o  conduct  a s t u d e n t  r u n  b u l l  s a l e  
each  s p r i n g .  Performance i n fo rma t ion  and i n d i v i d u a l  b u l l  p r i c e s  a r e  mai led t o  
p r ev ious  b u l l  customers  and anyone making i n q u i r i e s .  B u l l s  a r e  t hen  s o l d  on a 
f i r s t  come. f i r s t  s e r v e  b a s i s .  I f  you a r e  i n t e r e s t e d  i n  be ing  inc luded  on ou r  
ma i l i ng  l i s t  f o r  performance in format ion .  c o n t a c t  t h e  Animal and Range Sc iences  
Department. The i n fo rma t ion  provided t o  t hose  i n t e r e s t e d  a r e  b i r t h  weight .  
weaning weight .  y e a r l i n g  weight .  y e a r l i n g  frame s co re s .  s c r o t a l  c i rcumference  and 
a l l  o f  t h e  e s t ima t ed  breed ing  v a l u e s  o r  expected progeny d i f f e r e n c e s  of each  
i n d i v i d u a l  a s  r e p o r t e d  by t h e i r  r e s p e c t i v e  b reed  a s  s o c i a t i o n .  
Expected progeny d i f f e r e n c e s  (EPD'S) on young unproven b u l l s  t h a t  a r e  
c u r r e n t l y  c a l c u l a t e d  by some b r eed  a s s o c i a t i o n s  o f f e r  u s  t h e  most a c c u r a t e  method 
of s e l e c t i n g  young b u l l s  f o r  c a l v i n g  e a s e ,  growth rate and p r o d u c t i v i t y  of t h e i r  
daughte rs .  Es t imated  b r eed ing  v a l u e s  (EBV's) g ive  u s  t h e  b e s t  e s t i m a t e  o f  a n  
an ima l ' s  t r u e  g e n e t i c  v a l u e  f o r  t h e s e  t r a i t s  when EPD's a r e  n o t  a v a i l a b l e .  Frame 
s c o r e s  a r e  provided as an o b j e c t i v e  measurement r e l a t e d  t o  mature  s i z e  t h a t  can 
b e  used t o  i n c r e a s e  t h e  weigh t  a t  cho i ce  g rade  of t h e  c a l v e s  produced o r  l i m i t  
t h e  mature  s i z e  o f  a b u l l ' s  daughte rs .  whichever  may be  d e s i r a b l e  f o r  a 
p a r t i c u l a r  s i t u a t i o n .  Sc ro t a1  c i rcumference of y e a r l i n g  b u l l s  i s  t h e  most u s e f u l  
s e l e c t i o n  t o o l  c u r r e n t l y  a v a i l a b l e  t o  s e l e c t  f o r  improved f e r t i l i t y  because of a 
s t r o n g  r e l a t i o n s h i p  between l a r g e  s c r o t a l  s i z e  and i nc r ea sed  b u l l  f e r t i l i t y  and 
e a r l y  pube r t y  i n  c l o s e l y  r e l a t e d  females.  
DEWLOPHRNX' OF AN IN VIVO MODEL TO DETERHINE THE 
BIOLOGICAL VAtW OF MICROBIAL PROTEIN 
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A semi-purif ied d i e t  (SPD) was fed t o  12 wether lambs and one f i s t u l a t e d  
wether  and evalua ted  f o r  a c c e p t a b i l i t y  and a b i l i t y  t o  support  growth. Ruminal pH 
and NH3 were monitored throughout t h e  d i e t  adap ta t ion  period.  Treatments 
included t h r e e  l e v e l s  of dry  ma t t e r  i n t ake ;  low i n t a k e  (LI) 750 gehd-l*d-l. 
medium i n t a k e  (MI) 1125 g-hd-l*d-l and h igh  i n t a k e  (HI) 1500 gehd-led-l. 
D i g e s t i b i l i t y  of dry ma t t e r  (DM, 70.6%) . ac id  de tergent  f i b e r  (ADF, 62.8%), 
n i t rogen  (N, 72.8%) and percentage d i g e s t i b l e  n i t rogen  r e t a ined  (33.2%) were n o t  
d i f f e r e n t  a c r o s s  i n t a k e  l e v e l s .  I n d i g e s t i b l e  ADF of t h e  semi-purified d i e t  
appears  t o  be a  s u i t a b l e  s o l i d  phase marker f o r  es t imat ing  DM d i g e s t i b i l i t y  i f  DM 
i n t a k e  i s  accounted f o r .  Regression a n a l y s i s  i nd ica t ed  i n d i g e s t i b l e  ADF 
recovered i n  feces  was r e l a t e d  t o  i n d i g e s t i b l e  ADF i n t a k e  and DM i n t a k e  a s  
descr ibed  by t h e  equat ion  I n d i g e s t i b l e  ADF recovered = 80.3824 + .852 
( i n d i g e s t i b l e  ADF in t ake )  + .0426 DM in t ake ;  ( r 2  = ,7057; P< .01) .  
(Key Words : Semi-purif i e d  Diet.  Lambs, Dry Matter D i g e s t i b i l i t y ,  ADF 
D i g e s t i b i l i t y ,  D i g e s t i b l e  N Retained, I n d i g e s t i b l e  ADF.) 
In t roduc t ion  
Because of t h e  inhe ren t  con t r ibu t ion  of microbial  p r o t e i n  t o  t h e  ruminant 's 
p r o t e i n  requirement. i t  i s  probably not  s u f f i c i e n t  t o  only measure t h e  animal 's  
amino a c i d  requirements.  More important ly.  research  should concen t ra t e  on 
quant i fy ing  microbia l  p r o t e i n  supply and determining the  q u a n t i t y  and q u a l i t y  of 
a d d i t i o n a l  p r o t e i n  needed t o  improve performance. Amino a c i d  requirements could 
then be determined i n d i r e c t l y  a s  t h e  sum of microbial  p r o t e i n  and a d d i t i o n a l  
p r o t e i n  considered optimum. An i n  v ivo  model f o r  determining t h e  b i o l o g i c a l  
va lue  of microbia l  crude p r o t e i n  would not  only al low u s  t o  measure maximum 
performance a t t a i n a b l e  from microbial  p r o t e i n  but  would a l s o  provide an e f f e c t i v e  
way of screening  o r  eva lua t ing  va r ious  d i e t a r y  n i t rogen  supplements f o r  h igh  
product ion r a t e s .  
Ruminants provided w i t h  nonprotein n i t rogen  a d  carbohydrates  can grow, 
reproduce and l a c t a t e  (Loos l i  e t  a l . .  1949; Viraten.  1966; O l t j en ,  1969) when 
consuming no amino a c i d s  (AA) o r  d i e t a r y  p ro te in .  Using t h i s  approach would make 
it p o s s i b l e  t o  eva lua te  MCP con t r ibu t ions  t o  amino ac id  requirements.  The 
o b j e c t i v e  of t h e  experiment repor ted  here  was t o  develop a  d i e t  and i d e n t i f y  
d i e t a r y  markers f o r  subsequent amino a c i d  requirement s t u d i e s .  
M a t e r i a l s  and Methods 
A semi-pur i f i ed  d i e t  ( t a b l e  1) s i m i l a r  t o  t h a t  used by Maeng and Baldwin 
(1976) and O l t j e n  e t  a l .  (1962a.b) was p repared  excep t  t h a t  t h e  r a t i o s  of r e a d i l y  
fe rmentab le  ca rbohydra tes  t o  c e l l u l o l y t i c  ca rbohydra tes  were  changed from 2 : 1 t o  
1 :1 and f e e d i n g  f requency was changed from once t o  tw ice  d a i l y  (0600 and 1800 
hours ) .  
Twelve c ro s sb red  we the r  lambs (x = 30.1 kg)  and two f i s t u l a t e d  we the r  lambs 
(X = 87.3 kg) were used i n  t h e  exper iment  t o  e v a l u a t e  a c c e p t a b i l i t y  of t h e  
semi-pur i f i ed  d i e t .  Lambs had p r ev ious ly  been t r e a t e d  f o r  i n t e r n a l  and e x t e r n a l  
p a r a s i t e s  and r ece ived  i n j e c t a b l e  v i t a m i n s  A, D and E. 
I n i t i a l l y  a l l  lambs were  f e d  a c o n t r o l  d i e t  ( t a b l e  2) a t  maintenance (1250 
g*hd-l -d- l  f o r  t h e  f i s t u l a t e d  we the r s ,  750 g*hd-l*d- l  f o r  w e t h e r  l ambs) .  A l l  
c ro s sb red  lambs and one f i s t u l a t e d  we the r  were adap ted  t o  t h e  semi-pur i f i ed  d i e t  
by i n i t i a l l y  r e p l a c i n g  20% of t h e  c o n t r o l  d i e t  w i t h  semi-pur i f i ed  d i e t .  I f  t h e  
new d i e t  w a s  accep ted  f o r  two consecu t i ve  days ,  t h e  semi-pur i f i ed  d i e t  component 
was i n c r e a s e d  by 10% of t h e  d a i l y  f e ed  o f f e r ed .  Th is  procedure  was fol lowed 
u n t i l  a l l  lambs were  consuming on ly  t h e  semi-pur i f i ed  d i e t .  
Rumen samples were  c o l l e c t e d  on a l t e r n a t e  days of t h e  a d a p t a t i o n  pe r i od  from 
bo th  f i s t u l a t e d  wethers .  Ruminal con t en t  pH was measured and appearance,  odor,  
pH and pe r cen t age  s o l i d s  of rumen l i q u o r  were  eva lua t ed  and compared between 
animals .  When a l l  lambs were  consuming on ly  t h e  SPD, rumen NH3 w a s  a l s o  measured 
i n  t h e s e  samples by d i s t i l l a t i o n  over  MgO (AOAC, 1980).  Adapta t ion  t o  t h e  SPD 
took  a t o t a l  of 1 4  days.  
Lambs were  a l l o t t e d  t o  t h r e e  i n t a k e  groups,  low ( L I ) ,  medium (MI) and h igh  
(HI ) ,  u s i n g  e a r  t a g  numbers and a t a b l e  o f  10,000 random d i g i t s  ( S t e e l e  and 
T o r r i e ,  1980) .  The LI  (maintenance) group was f e d  750 g-hd-1-d-1. The M I  group 
( 1  1 /2  x maintenance) w a s  i nc r ea sed  t o  1125 g*hd-l*d- l  and t h e  H I  group (2 x 
maintenance)  was i n c r e a s e d  t o  1500 g-hd-1-d-1. The method of step-up was t o  
i n c r e a s e  f e e d  o f f e r e d  by 100 g u n i t s .  I f  t h i s  w a s  consumed f o r  two consecu t i ve  
days,  f e ed  i n t a k e  w a s  i n c r e a s e d  again .  Th is  con t inued  u n t i l  a l l  lambs had 
reached t a r g e t  i n t a k e s .  Feed r e f u s a l s  were  removed d a i l y .  
A f t e r  1 4  days  a d a p t a t i o n  a t  t a r g e t  i n t a k e  l e v e l s ,  lambs were weighed and pu t  
i n t o  metabolism s ta l ls .  Lambs were  a l lowed 3 days a d a p t a t i o n  t o  t h e i r  new 
environment.  Feces and u r i n e  were c o l l e c t e d  f o r  two consecu t i ve  3-day c o l l e c t i o n  
pe r i ods  ( 6  days t o t a l ) .  T o t a l  f e ed  consumption w a s  moni tored and f eed  r e f u s a l s  
were weighed back and subsampled. A f t e r  1 0  days i n  t h e  s ta l l s ,  lambs were  
removed, reweighed and j u g u l a r  blood samples were t aken  b e f o r e  morning f eed ing .  
Groups were  t h e n  r ea s s igned  i n t a k e  l e v e l s  (LI-MI, M I - H I ,  HI-LI) and a l lowed 
a n o t h e r  1 4  days  a d a p t a t i o n  f o r  t h e  nex t  r e p l i c a t e .  Th is  procedure  was r epea t ed  
t h r e e  t imes ,  s o  t h a t  each  group of lambs w a s  f ed  a t  each i n t a k e  l e v e l .  
Blood samples were s t o r e d  a t  20 C f o r  24  hours  and a l lowed t o  c l o t .  Serum 
was s e p a r a t e d  by c e n t r i f u g i n g  a t  7800 x g f o r  30  minutes.  Serum was decanted and 
s t o r e d  a t  -180 C u n t i l  ana lyzed  f o r  u r e a  n i t r o g e n  (SUN) as de sc r i bed  by Fawcett  
and S c o t t  (1960).  
A t  t h e  end of c o l l e c t i o n  pe r i ods ,  d a i l y  f e c e s  and o r t s  were pooled f o r  each  
lamb and subsampled f o r  d r y  m a t t e r  (DM), n i t r o g e n  (N) and a c i d  d e t e r g e n t  f i b e r  
(ADF) de te rmina t ion .  Feed and o r t s  were d r i e d  i n  a  forced  d r a f t  oven a t  1000 C 
f o r  24 hours .  Feces were d r i e d  i n  a  forced  d r a f t  oven a t  560 C f o r  48 hours.  
A l l  samples were then  ground through a  1-mm s c r een  and s t o r e d  i n  a i r t i g h t  
c o n t a i n e r s  f o r  subsequent  a n a l y s i s .  
Urine was c o l l e c t e d  i n  v e s s e l s  con ta in ing  100 m l  of a  30% HC1 s o l u t i o n .  
Urine ou tput  of <I000 m l  was d i l u t e d  t o  volume (1 l i t e r )  w i t h  de ionized  wa te r  t o  
avoid s a l t  p r e c i p i t a t i o n .  Pooled subsamples (10%) of t h e  u r i n e  were s t o r e d  a t  20 
C dur ing  c o l l e c t i o n  pe r iods  and then  a t  -180 C u n t i l  analyzed. 
N con ten t  of u r ine .  d ry  feed ,  f e c e s  and o r t s  was determined by t h e  Kje ldahl  
method (AOAC. 1980) .  Acid de t e rgen t  f i b e r  of d r i e d  feed.  f e c e s  and o r t s  was 
determined a s  desc r ibed  by Goering and Van Soest  (1970).  
Nitrogen r e t e n t i o n  v a l u e s  repor ted  r e f l e c t  e i t h e r  t h e  percentage  of 
d i g e s t i b l e  N r e t a i n e d  o r  N r e t e n t i o n  i n  grams. 
S ing le  s t age .  i n  v i t r o  48-hour fermentable  DM d i sappearance  ( T i l l e y  and 
Terry.  1963) was determined f o r  t h e  semi-purif ied d i e t .  I n d i g e s t i b l e  ADF of t h e  
semi-purif ied d i e t  was cons idered  t h e  ADF r e s i d u e  p re sen t  fo l lowing  a  72-hour 
i n  v i t r o  fe rmenta t ion .  I n d i g e s t i b l e  ABF was checked f o r  i t s  v a l i d i t y  f o r  f u t u r e  
use  a s  an i n t e r n a l  phase marker (Weidemier and Males. 1983) .  I n d i g e s t i b l e  ADF 
found i n  t h e  f e c e s  was used t o  p r e d i c t  DM d i g e s t i b i l i t y  a s  expla ined  by Church 
(1976).  P red i c t ed  DM d i g e s t i b i l i t y  was regressed  a g a i n s t  apparen t  DM 
d i g e s t i b i l i t y  t o  determine i n d i g e s t i b l e  ABF v a l u e  f o r  p r e d i c t i n g  apparen t  DM 
d i g e s t i b i l i t y .  
The experiment was s t a t i s t i c a l l y  analyzed a s  a  3  x  3  l a t i n  squa re  des ign  
( S t e e l e  and Tor r i e .  1980).  Analysis  inc luded  us ing  gene ra l  l i n e a r  model (GLM) 
[SAS. 19851 t o  c a l c u l a t e  miss ing  va lues  t h a t  occurred i n  per iod  I, c o l l e c t i o n  11. 
Independent v a r i a b l e s  inc luded  i n  t h e  model were i n t a k e  l e v e l .  pe r iod ,  group. 
c o l l e c t i o n .  lamb and a p p r o p r i a t e  i n t e r a c t i o n s .  
Orthogonal comparisons of e f f e c t s  were based on t h e  comparisons L I  and H I  v s  
M I  and LI  v s  H I .  
Resu l t s  
Lambs adapted t o  t h e  d i e t  r a t h e r  quickly.  a l though H I  lambs less r e a d i l y  
consumed t h e i r  e n t i r e  por t ion .  Weight g a i n  improved w i t h  i n c r e a s i n g  DM i n t a k e  
wh i l e  lambs were i n  t h e  metabolism c r a t e s  ( t a b l e  3 ) .  
DM i n t ake .  DM d i g e s t i b i l i t y .  N i n t a k e  and N r e t e n t i o n  (g)  a r e  shown i n  
t a b l e  3.  There were no d i f f e r e n c e s  r e l a t e d  t o  per iod.  Therefore.  combined mean 
v a l u e s  w i l l  b e  d i scussed .  DM i n t a k e  was d i f f e r e n t  between LI  and H I  (P<.01) ,  a s  
were grams of N i n t a k e  (P<.05) and grams of N r e t a i n e d  (P<.05; t a b l e  3 ) .  DM 
d i g e s t i b i l i t y .  ABF d i g e s t i b i l i t y  and percentage  d i g e s t i b l e  and r e t a i n e d  N were 
no t  a f f e c t e d  by i n t a k e  l e v e l .  
Serum u r e a  N (SUN) l e v e l  was n o t  a f f e c t e d  by i n t a k e  l e v e l .  Values ob ta ined  
(x  = 15.2 mg*dl-1) were i n  l i n e  w i t h  va lues  r epo r t ed  by Pres ton  e t  a l .  (1965) a s  
be ing  t y p i c a l  f o r  lambs on growing o r  f i n i s h i n g  d i e t s  w i t h  adequate  amounts of 
d i e t a r y  c rude  p r o t e i n .  
Crude p r o t e i n  c o n t e n t  of co rn  cobs was determined t o  b e  3.2%. Acid 
d e t e r g e n t  i n s o l u b l e  N e q u a l l e d  3.07% crude  p r o t e i n ,  i n d i c a t i n g  co rn  cobs probably 
c o n t r i b u t e  l i t t l e  o r  no d i g e s t i b l e  p r o t e i n  t o  t h e  SPD. 
I n  v i t r o  DM d i g e s t i b i l i t y  a t  t h e  SPD was found t o  be  74.8% f o r  pe r i od  I and 
77.2% f o r  pe r i ods  I1 and 111. 
I n d i g e s t i b l e  ADF of t h e  d i e t  was g iven  c o n s i d e r a t i o n  f o r  u se  a s  an i n t e r n a l  
phase marker f o r  p r e d i c t i n g  p a r t i a l  and t o t a l  t r a c t  DM d i g e s t i b i l i t y  i n  f u t u r e  
s t u d i e s .  I n d i g e s t i b l e  ADF v a l u e s  determined f o r  t h e  d i e t  were  10.2% f o r  pe r i od  I 
and 7.1% f o r  pe r i ods  I1 and 111. The change i n  t h e  i n d i g e s t i b l e  ADF of t h e  
semi-pur i f i ed  d i e t  w a s  due t o  a change i n  sou rce  o f  corn  cobs between p e r i o d s  I 
and 11. , . 
I n d i g e s t i b l e  ADF i n t a k e  (IADFI) and DM i n t a k e  were used i n  a m u l t i p l e  
r e g r e s s i o n  t o  p r e d i c t  t h e  i n d i g e s t i b l e  ADF recovered  (IADFR) i n  t h e  f e c e s .  Th i s  
e q u a t i o n  w a s  de f i ned  a s  IADFR = 80.3824 + ,852 (IADFI) + .0426 (DMI) ; [ r 2  = 
.7057; P<.01].  Th i s  i n d i c a t e s  a s t r o n g  r e l a t i o n s h i p  between i n t a k e  and recovery.  
D i scus s ion  
The semi-pur i f i ed  d i e t  used was a c c e p t a b l e  t o  lambs and suppo r t ed  growth. 
These r e s u l t s  a r e  c o n s i s t e n t  w i t h  t hose  of L o o s l i  e t  a l .  (1949) ,  O l t j e n  e t  a l .  
(1962a,b) and Maeng and Baldwin (1976).  The semi-pur i f i ed  d i e t  w a s  fo rmula ted  t o  
c o n t a i n  12% crude  p r o t e i n .  Th i s  v a l u e  is  cons ide r ed  t o  b e  t h e  maximum v a l u e  f o r  
e f f i c i e n t l y  u t i l i z i n g  u r e a  (Reid,  1953) .  Rumen NH3-N was 4.44 mg/dl i n  lambs f e d  
semi-pur i f i ed  d i e t  and serum u r e a  N from t h e s e  lambs had a  mean v a l u e  of 15.2 
mg/ d l .  These v a l u e s  r e p r e s e n t  a c c e p t a b l e  parameters  i n  t h e  n u t r i t i o n a l  
physiology of t h e  ruminant ( R o f f l e r  and S a t t e r  1975a; P r e s t o n  e t  a l . ,  1965) .  
When t h e  semi-pur i f i ed  d i e t  w a s  f e d  a t  t h r e e  l e v e l s  of i n t a k e ,  it w a s  
observed t h a t  N r e t e n t i o n  i n c r e a s e d  w i t h  i n c r e a s i n g  DM i n t a k e  ( t a b l e  3 ) .  S ince  
l i t t l e  deg radab l e  N was provided from t h e  corn  cobs ,  w e  can presume t h a t  n e a r l y  
a l l  of t h e  p r o t e i n  r e t a i n e d  was of m ic rob i a l  o r i g i n .  Th i s  i n d i c a t e s  t h a t  we can 
c o n t r o l  t h e  q u a n t i t y  of m i c r o b i a l  p r o t e i n  a v a i l a b l e  t o  t h e  animal  by c o n t r o l l i n g  
DM and N i n t a k e .  
I n  t h e  p a s t  semi-pur i f i ed  d i e t s  have been low i n  c rude  f i b e r .  Corn cobs 
were  i nc luded  i n  t h i s  d i e t  t o  p rov ide  t h e  " s c r a t c h  f a c t o r "  t o  ma in t a in  ruminal 
e p i t h e l i u m  as w e l l  as p rov ide  t h e  i n d i g e s t i b l e  f i b e r  needed f o r  u s e  as a n  
i n t e r n a l  phase marker f o r  q u a n t i t a t i n g  rumen DM outf low ( P r i t c h a r d  and Males, 
1985. Weidemier and Males. 1983) .  Regress ion a n a l y s i s  o f  i n t a k e  v e r s u s  recovery  
i n d i c a t e d  we can  u t i l i z e  i n d i g e s t i b l e  ADF a s  a d i g e s t i o n  marker i n  t h i s  d i e t .  
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TABLE 1 .  COMPOSITION OF THE SEMI-PURIFIED DIETa 
Ingredien t  % 
Corn s t a r c h  
Solka-Fl oc 
Corn cobs 
Animal f a t  
Urea 
~ i c a l b  
K2S04 
Trace minera l ized  s a l t  
Vitamin E 
Vitamin A 
Crude p r o t e i n  
Ca 
P 
Mg 
K 
S 
I 
Se 
Zn 
31.888 
28.931 
3 0.020 
2.499 
4.269 
1.490 
- 5  8 4  
.300 
.017 
1 . 0  ppm 
6 4  PPm 
.219 ppm 
1.49  ppm 
17 PPm 
12.0  
- 3  65 
.287 
.06 
.50 
.20 
.80 ppm 
.10 ppm 
5 0  PPm 
a Calculated percent  dry ma t t e r  b a s i s .  
A commercial mixture of d i  and mono calcium 
phosphates conta in ing  26.50% Ca and 18.70% P. 
TABLE 2 .  LAMB RECEIVING DIETa 
Ing red ien t  % 
Corn cobs 
Corn g r a i n  
A l f a l f a  
Soybean meal 
Molasses 
~ i c a l b  
Trace mineral ized s a l t  
a  Percent  dry ma t t e r  b a s i s .  
b  A commercial mixture of d i  and mono 
calcium phosphates conta in ing  26.3 0% Ca and 
18.70% P. 
TABLE 3. EFFECT OF INTAKE LEVEL ON 
SEMI-PURIFIED DIET UTILIZATION 
I n t a k e  
l e v e l  DMIa D M D ~  NIa NRa ADG" 
a g/hd/d. 
P e r c e n t  d r y  m a t t e r  d i g e s t i b i l i t y .  
Means d i f f e r  (P<.01). 
Means d i f f e r  (I?<. 05). 
/ )I \, EVALUATION OF AN ACID HYDRaYZED WOOD BY-PRODUCT 
AS AN ENERGY AND PROTEIN SOURCE IN DIETS 
R. H. P r i t c h a r d  and A. N'Daiye 
\ 
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An a c i d  hydrolyzed wood pulp (AHWP) product  t h a t  had been bu f f e r ed  w i t h  
NH4OH was eva lua t ed  a s  a  p o t e n t i a l  f e e d s t u f f  f o r  ruminant d i e t s .  The f i n e l y  
ground low dry m a t t e r  (33%) m a t e r i a l  was eva lua ted  f o r  a c c e p t a b i l i t y .  
d i g e s t i b i l i t y  and p r o t e i n  feed ing  va lue .  I n  v i t r o  fe rmenta t ion  i n d i c a t e d  t h a t  
fermentable  dry  m a t t e r  was extremely low. 35.1%. D ie t s  were no t  r e a d i l y  consumed 
by c a t t l e  i f  they  conta ined  )60% AHWP. I n  v i v o  dry m a t t e r  d i g e s t i b i l i t y  (DMD) 
c o e f f i c i e n t s  where AHWP rep laced  corn  a s  0, 15,  30 o r  45% of t h e  d i e t  were 76.5, 
69.3, 65.6 and 78.5%, r e spec t ive ly .  A s i m i l a r  response was no ted  f o r  crude 
p r o t e i n  and a c i d  de t e rgen t  f i b e r  disappearance and i n d i c a t e d  t h a t  nega t ive  
a s s o c i a t i v e  e f f e c t s  due t o  f0rage :concent ra te  r a t i o s  may have e x i s t e d .  Nitrogen 
ba lance  d a t a  i n d i c a t e d  t h a t  t h e  16% crude p r o t e i n  AHWP c o n t r i b u t e d  no u s e f u l  
d i e t a r y  n i t rogen .  
(Key Words: Acid Hydrolyzed Wood Pulp, Dry Mat te r  D i g e s t i b i l i t y ,  D ie t a ry  
Nitrogen. ) 
In t roduc t ion  
Some beef producing reg ions  do no t  have ample f eed  g r a i n  s u p p l i e s  b u t  do 
have lumber i n d u s t r i e s  where excess  sawdust i s  a v a i l a b l e  t o  i nc lude  i n  ruminant 
d i e t s .  This  sawdust has a  proximate feed  va lue  s i m i l a r  t o  wheat s t raw.  
Process ing  methods a r e  be ing  developed t o  improve t h e  feed  va lue  of t h i s  
ma te r i a l .  We were i n t e r e s t e d  i n  t h e  oppor tun i ty  t o  e v a l u a t e  one of  t h e s e  
processed products  s i n c e  s i m i l a r  technology may be  u s e f u l  i n  i n c r e a s i n g  our  
u t i l i z a t i o n  of c e r e a l  g r a i n  r e s idues  i n  South Dakota. 
The experimental  product  had been t r e a t e d  w i t h  s u l f u r i c  a c i d  a s  p a r t  of t h e  
hyd ro lys i s  procedure done i n  ano the r  l abo ra to ry .  On our  reques t ,  ammonium 
hydroxide was incorpora ted  i n t o  t h e  m a t e r i a l  t o  s imultaneously r a i s e  t h e  pH and 
crude p r o t e i n  conten t  f o r  feed ing  ( t a b l e  1 ) .  Our o b j e c t i v e s  were t o  f i n d  a  
s u i t a b l e  method f o r  i nco rpo ra t i ng  t h i s  m a t e r i a l  i n t o  d i e t s  and t o  determine i t s  
p a l a t a b i l i t y  and r e l a t i v e  energy and p r o t e i n  feed ing  va lues  f o r  ruminants. 
Ma te r i a l s  and Methods 
Experiment I. I n  v i t r o  fermentable  dry  m a t t e r  was eva lua ted  by fermenting 
750 mg samples when AHWP rep laced  0, 20, 40, 60, 80 o r  100% of t h e  ground corn  
s u b s t r a t e .  Forty-eight  hour i ncuba t ions  were done i n  a  medium of t h r e e  p a r t s  
b u f f e r  ( T i l l e y  and Ter ry ,  1963) and two p a r t s  rumen f l u i d .  Rumen con ten t s  were 
ob ta ined  v i a  a  permanent ruminal f i s t u l a  i n  a  s t e e r  f ed  a l f a l f a  hay. Contents 
were squeezed by hand and t h e  l i q u o r  was saved. 
The l i q u o r  was t h e n  blended f o r  45 seconds  and s t r a i n e d  th rough  f o u r  l a y e r s  
of c h e e s e c l o t h  b e f o r e  add ing  i t  t o  t h e  i n  v i t r o  system. At t h e  end of t h e  
48-hour f e r m e n t a t i o n .  samples were  immediately c e n t r i f u g e d  f o r  20 minutes  a t  
3000 x g  and t h e  s u p e r n a t a n t  w a s  removed. The remaining p e l l e t  w a s  d r i e d  a t  650 
C f o r  36 hours  and w a s  presumed t o  b e  nonfermentable  d r y  m a t t e r .  I n  v i t r o  
f e r m e n t a b l e  d r y  m a t t e r  c o n t e n t  o f  e a c h  sample was r e g r e s s e d  a g a i n s t  i t s  AHWP 
c o n t e n t  and t h e  r e g r e s s i o n  e q u a t i o n  g e n e r a t e d  was used  t o  d e f i n e  t h e  i n  v i t r o  
f e r m e n t a b l e  d r y  m a t t e r  (IVFDM) of AHWP and c o r n  g r a i n .  
Experiment 11. S i x  y e a r l i n g  beef  h e i f e r s  of mixed b r e e d i n g  were  grouped as 
l a r g e  framed and small framed t y p e s  and a s s i g n e d  t o  d i e t s  c o n t a i n i n g  0. 30 o r  60% 
AHWP. The o b j e c t i v e  w a s  t o  de te rmine  i f  t h e  m a t e r i a l  would b e  consumed and i f  i t  
had any d e t r i m e n t a l  e f f e c t s  on bov ine  h e a l t h  o r  performance.  
Diets shown i n  t a b l e  2  g r a d u a l l y  r e p l a c e d  a s t a n d a r d  maintenance d i e t  o v e r  a  
4-day p e r i o d .  During a d a p t a t i o n ,  d r y  matter i n t a k e  was main ta ined  a t  5  
kg*hd- l -d - l .  On t h e  f i f t h  day d r y  matter o f f e r e d  w a s  i n c r e a s e d  .75 kg d a i l y  
u n t i l  f e e d  was r e f u s e d .  O r t s  were  removed d a i l y  when n e c e s s a r y  t o  a s s u r e  f r e s h  
f e e d  was a v a i l a b l e .  T h i s  regimen w a s  fo l lowed  f o r  28 days.  I n i t i a l  and f i n a l  
w e i g h t s  of h e i f e r s  were  t aken  i n  t h e  morning b e f o r e  feed ing .  
Experiment 111. S i x t e e n  S i x t e e n  c r o s s b r e d  w e t h e r  lambs were  used  t o  
de te rmine  t h e  e f f e c t s  of i n c r e a s i n g  p r o p o r t i o n s  of AHWP on i n  v i v o  d r y  m a t t e r  
- -  - 
d i g e s t i b i l i t y .  Lambs p r e v i o u s l y  t r e a t e d  f o r  i n t e r n a l  and e x t e r n a l  p a r a s i t e s .  
r e c e i v e d  i n j e c t a b l e  v i t a m i n s  A, D and E and were  group f e d  a maintenance d i e t  
( t a b l e  3 ) .  
Treatments  i n c l u d e d  a c o n t r o l  d i e t  and t h r e e  d i e t s  i n  which AHWP r e p l a c e d  
15.  30  o r  45% of t h e  c o r n  i n  t h e  c o n t r o l  d i e t  ( t a b l e  4 ) .  Four  i n d i v i d u a l l y  f e d  
lambs were  a s s i g n e d  t o  each  d i e t .  S u b s t i t u t i o n  of test  d i e t  f o r  t h e  maintenance 
d i e t  o c c u r r e d  o v e r  a 4-day p e r i o d .  Lambs were  f e d  t e s t  d i e t s  (750 g)  f o r  11 days  
i n c l u d i n g  4  days  i n  metabol ism s t a l l s  b e f o r e  t h e  d i g e s t i o n  s t u d y  began. Feces 
and u r i n e  were  c o l l e c t e d  f o r  4  days.  I n t a k e  was t h e n  r a i s e d  t o  1000 g*hd-l .d- l .  
ma in ta ined  f o r  3  days  and was fol lowed by a second 4-day p e r i o d  of u r i n e  and 
f e c e s  c o l l e c t i o n .  
F e c a l  samples were  pooled w i t h i n  each  4-day c o l l e c t i o n  p e r i o d  f o r  e a c h  lamb 
and s t o r e d  a t  20 C. At t h e  end of t h e  c o l l e c t i o n  p e r i o d  f e c e s  w e r e  mixed w e l l .  
subsampled. d r i e d  and ground th rough  a  1 rnm s c r e e n  f o r  d e t e r m i n a t i o n  of d r y  
matter (DM), n i t r o g e n  (N) and a c i d  d e t e r g e n t  f i b e r  (ADF) c o n t e n t .  
U r i n e  o u t p u t  w a s  c o l l e c t e d  i n  a v e s s e l  c o n t a i n i n g  100 m l  of  30% HC1 s o l u t i o n  
( v / v )  . U r i n e  o u t p u t  of <I000  m l  was d i l u t e d  t o  1000 m l  w i t h  d e i o n i z e d  w a t e r  t o  
avo id  p o s s i b l e  p r e c i p i t a t e  format ion.  Subsamples (10%) of u r i n e  o u t p u t  were  
pooled d u r i n g  e a c h  4-day c o l l e c t i o n  p e r i o d  f o r  e a c h  lamb and s t o r e d  a t  20 C. 
Feed and f e c e s  were  d r i e d  i n  a f o r c e d  d r a f t  oven a t  1000 C f o r  36 hours  f o r  
DM d e t e r m i n a t i o n .  
Ni t rogen  c o n t e n t  of u r i n e ,  f e e d  and f e c e s  was determined by t h e  K j e l d a h l  
method. Acid d e t e r g e n t  f i b e r  c o n t e n t  of f e e d  and f e c e s  was determined a s  
d e s c r i b e d  by Goering and Van S o e s t  (1970).  
There were  no d i f f e r e n c e s  i n  v a r i a b l e s  measured a t t r i b u t a b l e  t o  c o l l e c t i o n  
p e r i o d  and no pe r i od  x  d i e t  i n t e r a c t i o n s  e x i s t e d .  There fore ,  p e r i o d  v a l u e s  were 
pooled and d a t a  analyzed a s  a  complete ly  random d e s i g n  exper iment  w i t h  
subsamples . 
Experiment I V .  To de te rmine  t h e  f eed  v a l u e  of  N added t o  AHWP a s  ammonium 
hydroxide,  d i e t s  were  fo rmula ted  t o  c o n t a i n  40% AHWP and 12 ,  1 4  o r  16% c rude  
p r o t e i n .  A c o n t r o l  d i e t  con t a in ing  no AHWP and 12% crude  p r o t e i n  was used f o r  
comparisons.  These d i e t s  ( t a b l e  5 )  were f ed  t o  20 wether  lambs p r ev ious ly  group 
f ed  a  maintenance d i e t  ( t a b l e  3 )  f o r  30 days  t o  minimize animal  d i f f e r e n c e s .  
Lambs were s e p a r a t e d  i n t o  f i v e  groups based  on weight  and one lamb from each  
of t h e s e  groups was randomly s e l e c t e d  f o r  assignment t o  a  d i e t a r y  t r e a tmen t .  
These d i e t s  were i n d i v i d u a l l y  f ed  t o  lambs once d a i l y  f o r  30 days,  i n c l u d i n g  
5  days  a d a p t a t i o n  t o  metabolism cages .  
Ni t rogen  ba l ance  c o l l e c t i o n s  were made o v e r  two consecu t i ve  4-day pe r i ods .  
Urine was c o l l e c t e d  i n  a c i d ,  d i l u t e d  when nece s sa ry  and subsamples were  pooled a s  
d e s c r i b e d  f o r  Experiment 111. A sample of  e ach  4-day composi te  was t h e n  f r o z e n  
f o r  subsequent  a n a l y s i s .  Feces were pooled f o r  4  days ,  mixed and subsampled. 
Th i s  subsample w a s  d r i e d  i n  a fo r ced  d r a f t  oven a t  650 C f o r  48 hours  t o  
de te rmine  DM c o n t e n t  and t o  f a c i l i t a t e  handl ing .  
D r y  g r a i n  p o r t i o n s  of each  d i e t  were  premixed i n  q u a n t i t i e s  s u f f i c i e n t  t o  
complete  t h e  experiment.  Th i s  premix was mixed w i t h  AHWP d a i l y  t o  a s s u r e  f e e d  
q u a l i t y .  During t h e  c o l l e c t i o n  pe r i od ,  730 g  d i e t  DM were  o f f e r e d  d a i l y .  
Re fusa l s  were  weighed back and inc luded  as p a r t  of t h e  730 g o f f e r e d  a t  t h e  n e x t  
f e ed ing  t o  minimize o r t s .  
Data were  ana lyzed  as a  complete ly  random des ign  w i t h  d i e t  and r e p l i c a t e  as 
main e f f e c t s  and r e p l i c a t e  w i t h i n  d i e t  v a r i a n c e  used as t h e  e r r o r  term. 
Comparisons were made as fo l lows :  (1 )  c o n t r o l  v s  d i e t s  c o n t a i n i n g  AHWP; (2 )  1 2  
v s  1 4  v s  16% crude  p r o t e i n  d i e t s  compared by l i n e a r  c o n t r a s t ;  and (3 )  l i n e a r  and 
q u a d r a t i c  response  t o  c rude  p r o t e i n  only when d i e t s  con t a ined  AHWP. 
Experiment V. Ten lambs t h a t  had been used i n  t h e  p r ev ious  exper iment  were  
used t o  de te rmine  e f f e c t s  of s u s t a i n e d  f eed ing  of d i e t s  c o n t a i n i n g  AHWP and 
sawdust on d r y  m a t t e r  i n t a k e ,  average  d a i l y  g a i n  and d i g e s t i v e  organ i n t e g r i t y .  
Four lambs were  f e d  a  t y p i c a l  lamb d i e t .  The remaining six lambs were f e d  a d i e t  
c o n t a i n i n g  40% AHWP and 20% sawdust. The composi t ion of  e ach  d i e t  i s  shown i n  
t a b l e  6 .  The amount of c o n t r o l  d i e t  o f f e r e d  d a i l y  was r e s t r i c t e d  t o  t h e  mean 
i n t a k e  of lambs on t h e  exper imenta l  d i e t .  
Average d a i l y  g a i n  and d a i l y  i n d i v i d u a l  feed  i n t a k e  were monitored f o r  
45 days. One lamb r e c e i v i n g  t h e  c o n t r o l  d i e t  and f o u r  lambs f e d  t h e  exper imenta l  
d i e t  were  main ta ined  on t h e s e  same d i e t s  f o r  an a d d i t i o n a l  1 8  days  b e f o r e  
s l a u g h t e r .  Gross examinat ions  of t h e  g a s t r o i n t e s t i n a l  t r a c t  and i n t e r n a l  o rgans  
of t h e s e  f i v e  lambs were made and t i s s u e  samples from t h e  proximal duodenum, 
d i s t a l  i leum, k idney  and pancreas  were  submi t ted  f o r  h i s t o l o g i c a l  examinat ion.  
R e s u l t s  and Discuss ion  
Experiment I. Regress ion  a n a l y s i s  of t h e  i n  v i t r o  fe rmentab le  d r y  m a t t e r  
(IVFDM) d a t a  i n d i c a t e d  t h a t  v a l u e s  f o r  corn  and AHWP were 83% and 35.1%. 
r e spec t ive ly .  The depress ion  i n  IVFDM a s  AHWP content  of s u b s t r a t e  increased  was 
l i n e a r  (P<.05; t a b l e  7 ) .  
Lab a n a l y s i s  ( t a b l e  1 )  i nd ica t ed  t h a t  t h e  AHWP was s t i l l  p r imar i ly  a f i b r o u s  
ma te r i a l .  Resul t s  of t h e  i n  v i t r o  fe rmenta t ion  suggest  t h a t  t h e  product i s  
slowly degraded by ruminal microbes and t h a t  use a s  an energy source may be  
l imi t ed .  
Experiment 11. This  t r i a l  was i n i t i a l l y  at tempted w i t h  d i e t s  conta in ing  0. 
40 and 80% AHWP. but  h e i f e r s  re fused  t o  consume t h e  80% AHWP d i e t .  Adaptat ion t o  
t h e  30 and 60% AHWP d i e t s  was slow. In t ake  of t h e  60% AHWP d i e t  remained 
markedly lower than t h e  c o n t r o l  d i e t  ( t a b l e  8 ) .  The depressed weight  ga in  
observed when feeding  60% AHWP was probably due t o  t h e  reduced feed  i n t a k e ,  s i n c e  
no de t r imen ta l  e f f e c t s  on animal h e a l t h  and comfort were observed. 
Experiment 111. U t i l i z a t i o n  of N i n  AHWP was no t  known when t h i s  t r i a l  was 
conducted. To avoid crude p r o t e i n  l i m i t a t i o n s  on dry ma t t e r  i n t a k e  and d i e t  
d i g e s t i b i l i t y ,  a h igh  l e v e l  of soybean meal was included i n  each d i e t .  
I n t ake  of t h e  d i e t  conta in ing  45% AHWP was low and forced  r e s t r i c t i o n  t o  800 
o r  1000 g dry ma t t e r  o f f e red  hd-led-1. This  l e v e l  was s l i g h t l y  above maintenance 
and a l l  lambs maintained a p o s i t i v e  weight balance wh i l e  housed i n  t h e  metabolism 
s t a l l s .  
Apparent d i g e s t i o n  c o e f f i c i e n t s  a r e  shown i n  t a b l e  9. Dry ma t t e r ,  crude 
p r o t e i n  and ADF d i g e s t i b i l i t y  were depressed when 30% AHWP was included i n  t h e  
d i e t .  The p ropor t ion  of d i g e s t i b l e  N r e t a ined  was a l s o  lower. Poor d i e t  
d i g e s t i b i l i t y  probably r e s u l t e d  i n  inadequate  energy f o r  u t i l i z i n g  a l l  of t h e  N 
absorbed r e l a t i v e  t o  t h e  o t h e r  d i e t s .  
Crude p r o t e i n  d i g e s t i b i l i t y  was c l o s e l y  t i e d  t o  DM d i g e s t i b i l i t y .  
Apparently t h e  nonprotein N i n  t h e  AHWP i s  t i g h t l y  bound and r e l eased  only when 
d i g e s t i o n  of t h e  AHWP occurs.  
Coe f f i c i en t s  of d i g e s t i o n  f o r  a l l  v a r i a b l e s  were s i m i l a r  t o  o r  g r e a t e r  than  
those  f o r  t h e  c o n t r o l  d i e t  when 45% AHWP was fed.  I t  i s  p o s s i b l e  t h a t  t h e  
depressed u t i l i z a t i o n  of d i e t s  conta in ing  15 o r  30% AHWP may have been a response 
t o  r0ughage:concentrate l e v e l s  i n  t h e  d i e t .  There appear  t o  be nega t ive  
a s s o c i a t i v e  e f f e c t s  on d i g e s t i b i l i t y ,  e s p e c i a l l y  f i b e r  f r a c t i o n s ,  when d i e t s  
con ta in  r a t i o s  of 30:70 t o  70:30 roughage t o  concentrate .  I n  t h i s  s tudy,  i f  AHWP 
i s  considered a roughage, d i e t s  conta in ing  0. 15. 30 o r  45% AHWP would have 
r0ughage:concentrate r a t i o s  of 30:70, 45:55 and 75:25, r e spec t ive ly .  D i e t s  15 
and 30 then  f a l l  i n t o  t h e  range of r a t i o s  t h a t  may have t h e  poores t  f i b e r  
d i g e s t i o n  c o e f f i c i e n t s ,  a s  was a c t u a l l y  t h e  s i t u a t i o n  ( t a b l e  9 ) .  
r 
These d a t a  suggest  t h a t  t h e  g r e a t e s t  u t i l i z a t i o n  of AHWP may be obta ined  by 
i n c l u s i o n  i n  high forage  d i e t s .  Fu r the r  eva lua t ion  w i t h  h igher  fo rage  d i e t s  
would be  necessary t o  v e r i f y  t h i s  r e l a t i o n s h i p .  
Experiment I V .  Supplemental Supplemental crude p r o t e i n  appears  c r i t i c a l  
when feeding  AHWP. An i n i t i a l  e f f o r t  t o  feed a d i e t  formulated t o  con ta in  10% 
- 
crude p r o t e i n  was unsuccessful .  The crude p r o t e i n  of AHWP (11.75%) used i n  t h i s  
t r i a l  was lower than  t h e  i n i t i a l  product,  r e s u l t i n g  i n  8.7% CP d i e t .  Crude 
p r o t e i n  l e v e l s  t h i s  low can depress  i n t a k e  b u t  should not  r e s u l t  i n  t h e  complete 
feed  r e f u s a l s  encountered.  The ove re s t ima t i on  of AHWP crude  p r o t e i n  c o n t e n t  
caused an ove re s t ima t i on  of d i e t a r y  c rude  p r o t e i n  f o r  each  t r e a tmen t  used i n  t h i s  
t r i a l  b u t  d i d  n o t  a f f e c t  ou r  a b i l i t y  t o  e s t a b l i s h  t h e  n u t r i t i v e  v a l u e  of AHWP 
n i t r ogen .  
I n c r e a s i n g  c rude  p r o t e i n .  had a  marked e f f e c t  on DM i n t a k e  ( t a b l e  1 0 ) .  Lambs 
were o f f e r e d  730 g DM d a i l y ,  b u t  a t  lower  c rude  p r o t e i n  i n t a k e s  s i g n i f i c a n t  
r e f u s a l s  were recorded.  Lowered i n t a k e  a s s o c i a t e d  w i t h  d i e t s  12  and 14  was 
a p p a r e n t l y  n o t  r e l a t e d  t o  DM d i g e s t i b i l i t y  s i n c e  a l l  d i e t s  c o n t a i n i n g  AHWP had 
s i m i l a r  DM d i g e s t i b i l i t y  c o e f f i c i e n t s .  
Ni t rogen d ige s t ed ,  n i t r o g e n  r e t a i n e d  and N r e t a i n e d  a s  a  f r a c t i o n  of N 
. d i g e s t e d  were  lower  f o r  d i e t s  c o n t a i n i n g  AHWP. Ni t rogen  d i g e s t i b i l i t y  was a l s o  
lower f o r  d i e t  12  than  f o r  d i e t  14.  When cons ide r i ng  only d i e t s  c o n t a i n i n g  AHWP. 
supplemental  c rude  p r o t e i n  caused a l i n e a r  i n c r e a s e  i n  d ry  m a t t e r  i n t a k e  (P< .01) ,  
N d i g e s t i b i l i t y  (PC. 001) and N r e t e n t i o n  (PC ,051 . 
By r e g r e s s i n g  t h e  percen tage  supplemental  c rude  p r o t e i n  i n  e ach  d i e t  a g a i n s t  
N r e t e n t i o n ,  we can p r e d i c t  how much supplemental  c rude  p r o t e i n  would b e  
nece s sa ry  t o  o b t a i n  N r e t e n t i o n  v a l u e s  similar t o  t h e  c o n t r o l  d i e t .  Th is  
p r e d i c t i v e  r e l a t i o n s h i p  i n d i c a t e d  t h a t  AHWP d i e t s  must c o n t a i n  12.7% crude  
p r o t e i n  from supplemental  sou rce s  t o  cause a similar amount of  N r e t e n t i o n  as t h e  
c o n t r o l s .  S ince  t h e  c o n t r o l  d i e t  con ta ined  11.9% crude  p r o t e i n ,  t h i s  v a l u e  
i n d i c a t e s  t h a t  t h e  N con t a ined  i n  t h e  AHWP had no n u t r i t i v e  va lue .  
Serum u r e a  N c o n c e n t r a t i o n s  were  low f o r  d i e t s  c o n t a i n i n g  AHWP, i n d i c a t i n g  
ruminal  ammonia N and N a v a i l a b i l i t y  were  l i m i t i n g .  Serum u r e a  N responded t o  
supplemental  c rude  p r o t e i n  i n  a l i n e a r  f a s h i o n  (PC.05) b u t  neve r  reached l e v e l s  
found when t h e  c o n t r o l  d i e t  w a s  fed.  
Experiment V. Lambs Lambs were  r e l u c t a n t  t o  consume d i e t s  a t  l e v e l s  
nece s sa ry  f o r  growth ( t a b l e  1 1 ) .  Mean d r y  m a t t e r  i n t a k e s  were  on ly  s l i g h t l y  
g r e a t e r  t han  2% of body weight  and were  n o t  s u f f i c i e n t  t o  ma in t a in  body weight .  
Over t h e  45-day f eed ing  pe r i od ,  l i v e  weight  of lambs f ed  t h e  AHWP-sawdust d i e t s  
decreased  from 35 t o  31 kg. Cont ro l  lambs f e d  a s i m i l a r  amount of d r y  m a t t e r  
ga ined  1 . 8  kg du r ing  t h i s  pe r iod .  
These d i e t s  were  h igh  i n  c rude  p r o t e i n  (13%) b u t  i nc luded  on ly  approximately  
8.3% u n i t s  as supplemental  c rude  p r o t e i n .  R e s u l t s  of Experiment I V ,  which were  
n o t  a v a i l a b l e  when t h i s  t r i a l  w a s  i n i t i a t e d ,  would i n d i c a t e  t h a t  h i g h e r  l e v e l s  of 
c rude  p r o t e i n  would b e  nece s sa ry  t o  i n c r e a s e  d ry  m a t t e r  i n t a k e .  
A t  s l a u g h t e r  t h e  rumen of lambs f e d  AHWP d i e t s  d i f f e r e d  i n  appearance from 
t h e  c o n t r o l  lamb. The rumen of lambs f e d  AHWP were  f u l l  of wool. Wool b i t i n g  
w a s  n o t  s e v e r e  s i n c e  lambs were i n d v i d u a l l y  penned, b u t  i t  obvious ly  occur red  and 
may r e f l e c t  a need f o r  a d d i t i o n a l  d i e t a r y  c rude  p r o t e i n .  The rumen e p i t h e l i a l  
t i s s u e  was blackened which i s  observed w i t h  some o t h e r  f e e d s t u f f s .  P a p i l l a e  
d iamete r ,  however, w a s  d r a m a t i c a l l y  reduced, and l e n g t h  and d e n s i t y  of p a p i l l a e  
appeared reduced compared t o  normal t i s s u e .  
H i s t o l o g i c a l  examinat ion r e f l e c t e d  t h a t  b l u n t i n g  of i n t e s t i n a l  v i l l i  
occur red  i n  two i n d i v i d u a l s  and was perhaps  t h e  only lower  g u t  a b e r r a t i o n  t h a t  
might b e  a t t r i b u t e d  t o  AHWP feed ing .  Case number 5  w a s  t h e  c o n t r o l  lamb inc luded  
i n  t h e  s l a u g h t e r  comparison. 
Conclusions 
Chemical a n a l y s i s  i n d i c a t e s  t h a t  t rea tments  used t o  prepare  t h e  a c i d  
hydrolyzed wood pulp product have no t  s i g n i f i c a n t l y  reduced t h e  l i g n i n  and f i b e r  
components when compared t o  raw aspen sawdust. The procedure d id  reduce t h e  
sawdust t o  a  p a s t e  form t h a t  was d i f f i c u l t  t o  handle and should b e  blended w i t h  
some type of l a r g e  p a r t i c l e  s i z e  dry  m a t e r i a l  t o  become manageable. We s t o r e d  
t h e  product under r e f r i g e r a t i o n  a t  20 C, bu t  found it has a  long  s h e l f  l i f e  when 
s t o r e d  a t  350 C. 
The h igh  a c i d i t y  of t h e  i n i t i a l  product would be  very  c o r r o s i v e  t o  feed  
handl ing equipment. Buffer ing  t h e  m a t e r i a l  w i t h  ammonium hydroxide reduced 
a c i d i t y  and d id  not  r e s u l t  i n  any d e t e c t a b l e  ammonia odor. Apparently t h e  
n i t r o g e n  added a s  ammonium hydroxide has complexed w i t h  t h e  pa ren t  m a t e r i a l  i n  a  
very  s t a b l e  form. Diges t ion  of t h i s  n i t r o g e n  appeared l i m i t e d  and i t  possessed 
no n u t r i t i v e  value.  Dry ma t t e r  i n t a k e  responses would a l s o  i n d i c a t e  t h a t  t h e  
n i t r o g e n  content  of AHWP should no t  be considered when formula t ing  d i e t s .  
The q u a d r a t i c  response i n  dry mat te r  and p a r t i c u l a r l y  a c i d  de t e rgen t  f i b e r  
d i g e s t i b i l i t y  observed i n  Experiment I11 sugges ts  t h i s  f e e d s t u f f  may be  more 
va luab le  when added t o  h igh  roughage d i e t s .  Negative a s s o c i a t i v e  e f f e c t s  and 
inadequate  crude p r o t e i n  supplementation may have masked t h e  f u l l  p o t e n t i a l  of 
t h i s  m a t e r i a l  i n  ruminant d i e t s  i n  t hese  t r i a l s .  
TABLE 1. COMPOSITION OF ACID HYDROLYZED WOOD PRODUCT 
- - - 
~ r y  ma t t e r  b a s i s ,  %? 
Crude p r o t e i n  
Acid de t e rgen t  f i b e r  
Neut ra l  de t e rgen t  f i b e r  
To ta l  sugars .  i n v e r t  
L ignin  
Dry ma t t e r a  
pH 
a A s  i s  b a s i s .  
TABLE 2. DIETS USED TO EVALUATE AHWP EFFECTS ON 
INTAKE BY HEIFERSa 
~ r e a t m e n t b  
Item 0 3 0 60 
Cracked co rn  
AHWP 
Corn cobs 
Soybean meal. 44% 
Dicalc ium phosphate  
Limes t one  
Trace  mine ra l  s a l t c  ' . 
Potass ium c h l o r i d e  
Crude p r o t e i n  
a A l l  v a l u e s  expressed  a s  a pe r cen t age  of d i e t  d ry  ma t t e r .  
Treatment r e f e r s  t o  pe r cen t age  a c i d  hydrolyzed wood p u l p  
i n  t h e  d i e t .  
Conta ins  >94.5% NaC1. .007% I. .240% Mn. .240% Fe. .050% 
Mg. .032% Cu. .011% Co. .032% Zn. < .600% Ca. 
TABLE 3.  FEEDER LAMB RECEIVING DIETa 
Item 2 
Corn cobs 
Cracked corn  
Dehydrated a l f a l f a  
Soybean meal. 44% 
Dried molasses  
Trace  mine ra l  s a l t b  
Dicalc ium phosphate  
Crude p r o t e i n  
ME. Mcal/kg 
a Pe rcen t  d r y  m a t t e r  b a s i s .  
Conta ins  >94.5% NaC1. .007% I. .240% Mn. 
.240% Fe. .050% Mg. .032% Cu. .011% Co. .032% 
Zn. < .600% Ca. 
TABLE 4. DIETS USED TO EVALUATE AHWP DRY MATTER 
DIGESTIBILITY I N  EXPERIMENT I11 
D i e t  
I n g r e d i e n t a  0 15 30  45 
Soybean meal,  44% 
Corn cobs  
Cracked c o r n  
AHWP 
Limestone 
Trace  m i n e r a l  s a l t b  
D r y  m a t t e r  
Crude p r o t e i n  
Acid d e t e r g e n t  f i b e r  
a P e r c e n t  of d i e t  d r y  matter. 
C o n t a i n s  >94.5% NaC1.  .007% I, .240% Mn, .240% Pe. .050% Mg, -032% Cu, .011% 
Co, .032% Zn, < .600% Ca. 
TABLE 5 .  NITROGEN UTILIZATION STUDY DIETS, EXPERIMENT I V  
D i e t  
I n g r e d i e n t a  1 2  1 4  16 C o n t r o l  
AMWP 
Corn cobs  
Soybean meal,  44% 
Cracked c o r n  
Potass ium c h l o r i d e  
Dicalc ium phospha te  
T r a c e  m i n e r a l  mixb 
Limestone 
Crude p r o t e i n ,  % 
Mois tu re ,  % 
a P e r c e n t  d r y  matter b a s i s .  
b C o n t a i n s  >94.5% Mcal, .007% I, .240% Mn, .240% Pe, .050% Mg, .032% Cu, .011% 
Co, .032% Zn, < .600% Ca. 
TABLE 6. DIETS USED FOR DRY MATTER INTAKE COMPARISON, 
EXPERIMENT V 
I n g r e d i e n t  Controla  Exper imenta la  
AHWP 
Sawdust 
Corn cobs 
Cracked co rn  
Soybean meal. 44% 
A 1  f a 1  f a  
Corn s t a r c h  
Limestone 
Dicalc ium phosphate  
Potass ium c h l o r i d e  
Trace mine ra l i z ed  s a l t b  
Crude p r o t e i n  
a Pe rcen t  d ry  m a t t e r  b a s i s .  
Conta ins  >94.5% Mcal. .007% I. .240% Mn. .240% Fe. 
-050% Mg. .032% Cu. .011% Co. .032% Zn, < .600% Ca. 
TABLE 7 .  I N  VITRO FERMENTABLE DRY MATTER OF ACID 
HYDROLYZED WOOD PULP AND CORN MIXTURES. 
EXPERIMENT I 
Mean v a l u e s  Regress ion  
Treatments of IVDMD. % equa t i ons  
0 
20 
40 
6 0 
80 
100 
SEM 
Y = 83.09 - .48X 
r 2  = .87 
Y = IVFDM 
X = % A H W P  
a Treatment r e f e r s  t o  pe r cen t age  a c i d  hydrolyzed wood 
~ " l g  
Adjacent  means i n  t h e  same column d i f f e r  (P< .05) .  
TABLE 8. INTAKE BY BEEF HEIFERS OF DIETS CONTAINING ACID 
HYDROLYZED WOOD PULP, EXPERIMENT I I 
Treatments 
Item 0 30 60 
I n i t i a l  weight ,  kg 361 336 350 
F i n a l  weight ,  kg 41 3 3 93 3 7 1 
Average d a i l y  ga in ,  kg 1.85 2.00 -76 
Daily dry ma t t e r  i n t a k e ,  
kg hd-1 d-1 7.87 9.65 6.30 
Feed/gain 4.26 4.88 8.29 
Dry ma t t e r  i n t a k e  f o r  
l a s t  7 d, 
kg hd'l d-1 9.73 9.90 6.10 
a Treatment r e f e r s  t o  percentage a c i d  hydrolyzed wood pulp i n  
t h e  d i e t .  
TABLE 9. MEAN VALUES OF DRY MATTER INTAKE, DIGESTIBILITIES 
OF DRY MATTER CRUDE PROTEIN AND ACID DETERGENT FIBER 
AND NITROGEN RETENTION, EXPERIMENT I11 
Apparent d i g e s t i b i l i t  
Dry Crude A c i d 5 e t e r g e n t  ~ i t r o ~ e n b  
Die t a  ma t t e r  p r o t e i n  f i b e r  r e t e n t i o n  
0 76.5C 81.7 49.5 85.4 
15 69.3 78.2d 35.2 81.9'3 
30 65.6C 75.2C 33. OC 75.6C 
45 78.5 85.3 73.4 83.7 
SEM 3.5 7.1 5.6 3.5 
a Die t  r e f e r s  t o  percentage a c i d  hydrolyzed wood pulp. 
(Nitrogen r e t e n t i o n  + N d iges t ed )  x 100. 
c ,d  Adjacent means i n  t h e  same column d i f f e r  (cP<.05; 
d ~ <  . l o ) .  
TABLE 10. NITROGEN BALANCE OF LAMBS FED AHWP AND INCREASING 
LEVELS OF CRUDE PROTEIN, EXPERIMENT I V a  
I tem Cont ro l  1 2  1 4  16 SEM 
Dry m a t t e r  i n t a k e .  
g . hd-1. d-1 73 .ob 517C 621 715 3 6 
Dry m a t t e r ,  
d i g e s t i b i l i t y .  % 74.9d 67 .O 65.3 65.3 1.58 
Ni t rogen  i n t a k e .  
g . hd-1. d-1 55.8 31.7 47.9 61.7 2.1 
Ni t rogen  
d i g e s t i b i l i t y .  % 71.7d 58.7e 65 -1 68.6 1 .O 
Ni t rogen  r e t e n t i o n .  
g . hd-1 d-1 24.4d 5.5 10.3 15.0 - 6  
Ni t rogen  r e t a i n e d :  
n i t r o g e n  d ige s t ed .  % 60.6d 28.4f 32.4 35 .O 6.2 
Serum u r e a  n i t r o g e n  
mg/ d l  12.4d 5.9f 6.9 9.5 . 8  
a D r y  m a t t e r  b a s i s .  
Cont ro l  d i f f e r s  from d i e t s  con t a in ing  AHWP (P< .05).  
C L i n e a r  e f f e c t  of supplemental  c rude  p r o t e i n  i n  d i e t s  c o n t a i n i n g  AHWP 
(P< .01).  
Cont ro l  d i f f e r s  from d i e t s  c o n t a i n i n g  AHWP (P< .OO1). 
e L i n e a r  e f f e c t  of supplemental  c rude  p r o t e i n  i n  d i e t s  c o n t a i n i n g  AHWP 
(P< .001). 
L i n e a r  e f f e c t  of supplemental  c rude  p r o t e i n  i n  d i e t s  c o n t a i n i n g  AHWP 
(PC .05).  
TABLE 11. PERFORMANCE OF LAMBS FED AHWP BASED DIETS 
AD LIBITUM. EXPERIMENT V a  
Day 
Item 0 17 3 1 45 
W t .  kg  35.2 33.6 34.0 3 1  .l 
A s  f e d  i n t akeb .  g/d -- 1204 1408 1442 
D r y  m a t t e r  i n t akeb .  g/d -- 662 7 7 4 7 93 
Dry m a t t e r  i n t a k e /  
weight .  % -- 1.92 2.29 2.44 
a n = 6 .  
I n t a k e s  i n d i c a t e d  are i n t e r i m  va lue s .  
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Summary 
Hydrolyzed f e a t h e r  meal (HFM) was eva lua t ed  f o r  soybean meal replacement 
v a l u e  i n  corn s i l a g e  d i e t s  f e d  t o  steer ca lves .  One hundred ninety-two steers 
(692 l b )  were fed  corn s i l a g e  d i e t s  formulated t o  c o n t a i n  11.5% crude  p r o t e i n .  
Hydrolyzed f e a t h e r  meal was s u b s t i t u t e d  f o r  soybean m e a l  a t  l e v e l s  p rovid ing  0 ,  
25, 50 o r  75% of t h e  supplemental p ro t e in .  Ove ra l l  performance f o r  t h e  98-day 
feed ing  t r i a l  was a s  fol lows:  2.10 l b  average d a i l y  ga in ;  17.91 lb /day  d ry  
m a t t e r  (DM) i n t a k e  and 8.58 DM/gain. P r o t e i n  supplements had no e f f e c t  on 
performance, i n d i c a t i n g  t h a t  c o s t  pe r  u n i t  p r o t e i n  i s  t h e  primary c o n s i d e r a t i o n  
when formula t ing  supplements con ta in ing  HFM f o r  growing c a l v e s  f e d  h igh  q u a l i t y  
corn  s i l a g e .  
(Key Words: Hydrolyzed Fea the r  Meal, Corn S i lage .  Crude Pro te in .  S t e e r  Calves.)  
I n t roduc t ion  
Limi t ing  i n p u t  c o s t s  i s  a  more important  c o n s i d e r a t i o n  than  i n c r e a s i n g  
product ion  under  c u r r e n t  economic condi t ions .  Hydrolyzed f e a t h e r  meal (HE'M), a  
by-product of t h e  p o u l t r y  i ndus t ry ,  ho lds  p o s s i b i l i t i e s  a s  a  lower c o s t  
a l t e r n a t i v e  p r o t e i n  supplement f o r  ruminants. Crude p r o t e i n  con ten t  of HFM i s  
h igh  (80%) and has  been shown u s e f u l  i n  prev ious  c a t t l e  f eed ing  research .  
The o b j e c t i v e s  of t h i s  s tudy  w e r e  t o  determine whether  BFM could b e  
e f f e c t i v e l y  i nco rpo ra t ed  i n t o  corn s i l a g e  growing d i e t s  f o r  steer ca lves .  
Ma te r i a l s  and Methods 
This  t r i a l  u t i l i z e d  192 c rossbred  steer c a l v e s  (692 l b )  p r ev ious ly  processed 
and maintained a t  t h e  f e e d l o t  f o r  60 days p r i o r  t o  t h i s  s tudy.  Assignment t o  
l i g h t ,  medium o r  heavy r e p l i c a t e s  was based on a  prev ious  weight .  Allotment of 
steers t o  pens (8  head) by r e p l i c a t e  group was done randomly. 
Treatments  inc luded  r ep l ac ing  0,  25, 50 o r  75% of t h e  supplemental c rude  
p r o t e i n  con t r ibu t ed  by soybean meal w i t h  HFM. Corn was inc luded  w i t h  BFM t o  
ma in t a in  c a l o r i c  d e n s i t y  of t h e s e  supplements ( t a b l e  1 ) .  ' h o  pens of each weight  
group w e r e  randomly ass igned  t o  each p r o t e i n  supplement such  t h a t  six pens 
(48 head) w e r e  r ep re sen t ed  i n  each t rea tment .  
I n i t i a l  weights  w e r e  taken a f t e r  a  12-hour food and wa te r  dep r iva t ion .  
In t e r im  weights  w e r e  monitored a t  28-day i n t e r v a l s  and f i n a l  weight  was 
determined by feed ing  4 l b  dry  m a t t e r  p e r  head 24 hours b e f o r e  weighing. Water 
d e p r i v a t i o n  occur red  16 hours  b e f o r e  weighing. Dura t ion  of t h e  f e ed ing  t r i a l  was 
98 days. 
V a r i a b l e s  cons idered  i nc luded  average d a i l y  ga in ,  average  d a i l y  d r y  m a t t e r  
i n t a k e  and f eed  e f f i c i e n c y .  Data were  s t a t i s t i c a l l y  analyzed on a  pen mean 
b a s i s .  
Resu l t s  and D i scus s ion  
Actual  c rude  p r o t e i n  c o n t e n t  of t h e  d i e t s  averaged 13% and d i d  n o t  v a r y  
between t r e a tmen t s .  Th is  was cons ide r ab ly  h i g h e r  t han  t h e  11.5% crude  p r o t e i n  
l e v e l  i n t ended  and was due p r i m a r i l y  t o  t h e  h i g h e r  t han  a n t i c i p a t e d  c rude  p r o t e i n  
c o n t e n t  of t h e  corn  s i l a g e  (9%).  Supplements c o n t r i b u t e d  37.5% of t h e  d i e t a r y  
p r o t e i n  i n  t h e  d i e t s .  
The l e v e l  of HEN inc luded  i n  t h e  d i e t  had no e f f e c t  on s t e e r  performance 
( t a b l e  2 ) .  Ove ra l l ,  performance was low and cou ld  b e  a t t r i b u t e d  t o  t h e  we igh t s  
of t h e  s t e e r s  and t h e  p r e v a i l i n g  i n c l i m a t e  c o n d i t i o n s  du r ing  t h e  f eed ing  pe r i od .  
C lo se r  e v a l u a t i o n  of t h e  c rude  p r o t e i n  l e v e l s  f e d  i n d i c a t e  t h a t  t h e  d i e t  had 
cons ide r ab ly  h i g h e r  c rude  p r o t e i n  con t en t  than  NRC recommendations f o r  t h e  
we igh t s  and average  d a i l y  g a i n s  recorded i n  t h i s  s tudy.  Gains o f  2.1 l b  p e r  day 
r e q u i r e  on ly  9.8% crude  p r o t e i n .  Under t h e s e  c o n d i t i o n s  even on d i e t  S75. HFM 
c o n t r i b u t i o n s  would n o t  have been necessa ry  t o  meet c rude  p r o t e i n  requ i rements .  
Whether o r  n o t  9.8% crude  p r o t e i n  d i e t s  would have been adequa te  i s  
- deba t ab l e .  Higher l e v e l s  a r e  probably nece s sa ry  i f  f o r  no o t h e r  reason  t h a n  t o  
ma in t a in  d r y  m a t t e r  i n t a k e .  However, e v a l u a t i o n  of t h e  supplemental  p r o t e i n  
v a l u e  o f  HFM may have been l i m i t e d  by e x c e s s i v e  d i e t a r y  c rude  p r o t e i n .  
TABLE 1. DIET FORMULATION FOR EVALUATING HYDROLYZED 
FEATHER MEAL FOR GROWING S T E E R S ~ ~ C  
~ i e t d  
I tem SO S25 S5 0 S7 5 
Corn s i l a g e .  % 
Soybean meal. % 
F e a t h e r  meal,  % 
T%i sa l t .  % 
Limestone,  % 
Ground corn ,  % 
Crude p r o t e i n ,  % 
NEm, McaT/cwt 
NEg, Mcal/cwt 
a Values  e x p r e s s e d  on a d r y  m a t t e r  b a s i s .  
b Vi tamin A p rov ided  as 1600 IU/ lb  f e e d  d r y  m a t t e r .  
C A l l  components e x c e p t  c o r n  s i l a g e  were  i n c l u d e d  i n  p e l l e t e d  form. 
P e r c e n t a g e  of supp lementa l  c rude  p r o t e i n  p rov ided  by f e a t h e r  meal. 
TABLE 2. PERFORMANCE OF STEER CALVES WHEN HYDROLYZED 
FEATHER MEAL I S  SUBSTITUTED FOR SOYBEAN MEAL 
D i e t  
Item SO S25 S5 0 S7 5 SEM 
I n i t i a l  w t ,  l b  6 90 6 91 692 6 94 1 .5  
Avg d a i l y  g a i n .  l b / d a y  2.09 2.16 2.09 2.06 -08 
DM i n t a k e a ,  lb /head /day  17.62 18.13 18.08 17 -81  - 1 5  
~ e e d /  g a i n a  8.51 8.42 8.70 8.70 .25 
F i n a l  w t ,  l b  894 903 896 895 8.2 
a D r y  m a t t e r  b a s i s .  
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Simmental-Angus c r o s s b r e d  cows g r a z i n g  n a t i v e  range  n e a r  Cottonwood, SD, 
were f e d  two p r e c a l v i n g  l e v e l s  of energy supplement and two p o s t c a l v i n g  l e v e l s  of 
p r o t e i n  supplement. Cow weight  change and r ep roduc t i ve  performance were  s i m i l a r  
f o r  a l l  t r e a tmen t s .  Although c a l v e s  from cows supplemented w i t h  h i g h e r  l e v e l s  of 
energy gained f a s t e r  from b i r t h  t o  e a r l y  May, g a i n s  t o  weaning were  similar f o r  
a l l  t r e a tmen t s .  
(Key words: Beef Cow, N u t r i t i o n ,  Supplement, Na t ive  Range, Reproduction.)  
I n t r o d u c t i o n  
Mature f o r a g e  i s  g e h e r a l l y  low i n  p r o t e i n  and d i g e s t i b i l i t y .  Supplementing 
such  f o r a g e  w i t h  small amounts of an a l l - n a t u r a l  p r o t e i n  supplement g e n e r a l l y  
i n c r e a s e s  f o r a g e  i n t a k e  and d i g e s t i b i l i t y  and t h e r e f o r e  a v a i l a b l e  energy. 
I n fo rma t ion  from o t h e r  r e s e a r c h  s t a t i o n s  i n  r ega rd  t o  t h e  v a l u e  o f  i n c r e a s i n g  t h e  
l e v e l  o f  c o n c e n t r a t e  ( o r  g r a i n )  supplement t o  i n c r e a s e  weight  g a i n s  ( o r  dec r ea se  
weigh t  l o s s )  of beef  cows under  such  c o n d i t i o n s  i s  n o t  c o n s i s t e n t .  Many times 
beef  cows main ta ined  on n a t i v e  range  a r e  f e d  w e l l  below Na t iona l  Research Counci l  
(NRC) n u t r i t i o n a l  g u i d e l i n e s  du r ing  c e r t a i n  times of t h e  y e a r  and s t i l l  ma in t a in  
h igh  l e v e l s  of r ep roduc t i ve  performance. 
The i n fo rma t ion  r e p o r t e d  i n  t h i s  paper  i s  from a p r e l im ina ry  s t udy  w i t h  a  
l o n g e r  term i n t e r e s t  i n  n u t r i t i o n a l  management of beef cows under  wes t e rn  
South Dakota range  c o n d i t i o n s  t o  o b t a i n  optimum rep roduc t i ve  performance and 
maximize u se  of n a t i v e  range fo rage .  The o b j e c t i v e  of t h e  e a r l y  w i n t e r  t r e a tmen t  
comparisons was t o  de te rmine  i f  i n c r e a s i n g  t h e  l e v e l  of supplement above t h a t  
nece s sa ry  t o  maximize f o r a g e  d i g e s t i b i l i t y  improves cow weight  change on mature  
n a t i v e  f o r a g e  and cow and c a l f  performance. The o b j e c t i v e  of t h e  second p a r t  of 
t h i s  s t udy  was t o  de te rmine  i f  p rov id ing  supplemental  p r o t e i n  p o s t c a l v i n g  t o  
i n c r e a s e  t o t a l  d i e t a r y  p r o t e i n  t o  NRC requ i rements  improves cow and c a l f  
performance compared t o  p rov id ing  enough supplemental  p r o t e i n  t o  maximize 
d i g e s t i b i l i t y  and i n t a k e  of mature n a t i v e  fo rage .  
M a t e r i a l s  and Methods 
One hundred twenty-six Simmental-Angus c ro s sb red  cows g r a z i n g  n a t i v e  range 
a t  t h e  SDSU Range and L i v e s t o c k  Research S t a t i o n  nea r  Cottonwood, SD, were  f e d  
one of two p r e c a l v i n g  and one of two p o s t c a l v i n g  l e v e l s  of supplement. Beginning 
December 15,  cows were  randomly a l l o t t e d  w i t h i n  age (approx imate ly  21 and 45 
months o ld )  t o  a h igh  o r  low l e v e l  of energy supplement. One-half of a l l  cows 
r ece ived  .7 l b  of p r o t e i n  i n  2 l b  p e r  day of a  c o n c e n t r a t e  cube (low energy, 
t a b l e  1 ) .  The o t h e r  h a l f  received t h e  same amount of t o t a l  p r o t e i n  pe r  day i n  
4 l b  pe r  day of a  concen t r a t e  cube (high energy, t a b l e  1 ) .  Following ca lv ing ,  
cows were r e a l l o t t e d  w i t h i n  e a r l y  w i n t e r  t reatment  and. age t o  one of two 
pos tca lv ing  supplement t rea tments .  Cows rece ived  4 l b  per  day of an a l l - n a t u r a l  
p r o t e i n  conta in ing  a  h igh  (36% pro te in ,  t a b l e  1 )  o r  low (16% p r o t e i n ,  t a b l e  1 )  
l e v e l  of p ro t e in .  
P r i o r  t o  i n i t i a l ,  f i n a l  and i n t e r i m  weigh days, cows and ca lves  were he ld  
o f f  feed and wa te r  overnight .  Calving d a t e s  f o r  t h e  2-year-old h e i f e r s  ranged 
from February 14  t o  Apr i l  17 and from March 7 t o  May 1 f o r  3-year-olds. Only 
cows ca lv ing  p r i o r  t o  Apr i l  1 were included i n  t h e  ana lys i s .  Two Charolais  b u l l s  
were turned  i n  w i t h  t h e  3-year-old and two Angus b u l l s  were turned  i n  w i th  t h e  
2-year-old cows on June 7 and removed 68 days l a t e r .  A l l  b u l l s  were semen 
eva lua ted  p r i o r  t o  t h e  breeding season and produced semen of accep tab le  q u a l i t y .  
On November 5 ,  a l l  c a lves  were weighed and weaned and cows were r e c t a l l y  pa lpa ted  
t o  determine pregnancy. 
Resul t s  and Discussion 
Although t h e  h igh  l w e l  of e a r l y  w i n t e r  supplement provided more 
supplemental energy than  t h e  low l w e l ,  cow ga ins  during t h e  e a r l y  w i n t e r  were 
s i m i l a r  f o r  bo th  groups ( t a b l e  2 ) .  This i s  probably due t o  lower fo rage  i n t a k e  
and/or  lower d i g e s t i b i l i t y  of grazed forage  f o r  cows f ed  h ighe r  l e v e l s  of energy. 
Research i n  o t h e r  s t a t e s  i n d i c a t e s ,  when cows a r e  consuming mature forages.  
i n c r e a s e s  i n  t h e  l e v e l  of concent ra tes  f ed  may no t  n e c e s s a r i l y  improve weight 
ga ins  a s  long  a s  enough p r o t e i n  i s  f ed  t o  maximize fo rage  d i g e s t i b i l i t y .  I n  t h i s  
t r i a l ,  t h e  amount of forage  consumed was not  l i m i t e d  by t h e  amount of forage  
a v a i l a b l e .  I n  ca ses  where forage  a v a i l a b i l i t y  l i m i t s  t h e  amount consumed, t h e  
r e s u l t s  may be  d i f f e r e n t .  Reproductive performance a s  measured by pregnancy r a t e  
and average ca lv ing  d a t e  t h e  fol lowing y e a r  were no t  a f f e c t e d  by e a r l y  w i n t e r  
supplement t reatment .  Calves nurs ing  cows f e d  h igher  l e v e l s  of energy preca lv ing  
had h ighe r  (P<.05) average d a i l y  ga ins  from b i r t h  t o  May 11 when w i n t e r  
t rea tments  ended. This  would suggest  t h a t  cows f ed  t h e  h igh  l e v e l  of supplement 
p r i o r  t o  ca lv ing  produced more milk. By weaning time, ca lves  nu r s ing  low energy 
e a r l y  w i n t e r  t rea tment  cows had compensated s o  t h a t  c a l f  g a i n s  from b i r t h  t o  
weaning were s i m i l a r .  
Level  of p r o t e i n  f ed  a f t e r  ca lv ing  u n t i l  May 11 d id  n o t  a f f e c t  cow weight 
change o r  c a l f  growth r a t e  ( t a b l e  2) . Feeding h ighe r  l e v e l s  of p r o t e i n  d i d  no t  
improve pregnancy r a t e s  o r  average ca lv ing  d a t e  t h e  fol lowing year .  There was no 
i n t e r a c t i o n  between t h e  l e v e l  of l a t e  w i n t e r  p r o t e i n  wi th  e a r l y  w i n t e r  energy 
l e v e l  f o r  any of t h e  v a r i a b l e s  s tudied.  Resu l t s  of t h i s  study i n d i c a t e  t h a t  
f u t u r e  r e sea rch  should concen t r a t e  on lowering l e v e l  of preca lv ing  n u t r i t i o n  t o  
minimize feed  c o s t s  and t h a t  l e v e l  of p r o t e i n  a f t e r  ca lv ing  i s  no t  a  c r i t i c a l  
a r e a  of r e sea rch  f o r  March- and April-calving cows maintained under t h e s e  
condi t ions .  
TABLE 1. COMPOSITION OF SUPPLEMENTSa 
Early win te r  Late w i n t e r  
supplements supplements 
Law . High Low High 
energy e n e r w  p r o t e i n  p ro te in  
Soybean meal. % 29.0 87.4 32.9 87.7 
Corn, % 60.2 .O 53.7 . O  
Sugar cane molasses, % 4.3 3.8 4.4 4.4 
Dicalcium phosphate, % 1.6 3.2 3.8 2 -7 
Iodized s a l t ,  % .5 1 .O .6 .6 
Trace mineral  premix, % . ~ .3 .a 5 .3 .3 
Binder, % 4.1 4.1 4.3 4.3 
a Dry matter  b a s h .  
TABLE 2. EF'FECT OF SUPPLEMENT TREATMENTS ON 
COW AND CALF PERFORMANCEa 
Early winter  Late  win te r  
enerp;y p ro te in  
LW High L w  High 
Number 
Cow w t ,  lb .  12/15 
Condition score,  2/10 
C w  avg d a i l y  gain, l b  
12/15-2/10 o r  3 /1  
2/10 o r  3/1-5/11 
Cow w t  change, l b  
12/15-5/11 
% pregnant 
Calving d a t e  next y e a r  
Number 
Avg date. 1985 
Calf avg d a i l y  gain,  l b  
Birth-5/11 
~ i r t h - 1 1 /  8 
a There were no s i g n i f i c a n t  i n t e r a c t i o n s  between e a r l y  and l a t e  w i n t e r  
t reatments  o r  t reatments  and cow age. 
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An animal model u t i l i z i n g  Sprague-Dawley r a t s  f ed  a  d i e t  con ta in ing  2% of 
t e t r a e t h y l o r t h o s i l i c a t e  (TES) has been used t o  s tudy u r i n a r y  cond i t i ons  and 
d i e t a r y  f a c t o r s  prevent ing  s i l i c a  u r ina ry  c a l c u l i .  The b a s a l  TES d i e t  produced 
approximately a  50% inc idence  of s i l i c a  u r i n a r y  c a l c u l i .  Supplemental d i e t a r y  
phosphorus and t h e  u r i n a r y  a c i d i f y i n g  agent  ammonium c h l o r i d e  g r e a t l y  reduced t h e  
u r i n a r y  c a l c u l i  incidence,  whi le  supplemental d i e t a r y  calcium and u r i n e  
a l k a l i n i z a t i o n  w i t h  sodium b ica rbona te  increased  t h e  incidence.  The p r o t e c t i o n  
from s i l i c a  u r i n a r y  c a l c u l i  provided by sodium o r  ammonium phosphate compounds 
was found t o  be independent of t h e i r  u r ina ry  a c i d i f y i n g  e f f e c t s ,  and t h e  e f f e c t s  
of phosphates and ammonium c h l o r i d e  were a d d i t i v e .  While t h e s e  observa t ions  have 
n o t  been extended t o  c a t t l e  and sheep, h igh  s i l i c a  range g r a s s e s  o f t e n  con ta in  
suboptimum l e v e l s  of phosphorus. Therefore,  t h e  feeding  of phosphorus 
supplements f r e e  choice t o  animals on t h e  range appears  t o  be a  s e n s i b l e  
management p r a c t i c e  t h a t  may he lp  prevent  s i l i c a  u r ina ry  c a l c u l i .  
(Key Words: Urinary Ca lcu l i ,  S i l i c a .  Phosphorus, Calcium. Ammonium Chloride,  
Sodium Bicarbonate .  ) 
In t roduc t ion  
Urinary c a l c u l i  composed mainly of s i l i c a  a r e  common i n  c a t t l e  and sheep 
graz ing  wes tern  ranges and o f t e n  cause u r i n a r y  t r a c t  blockage and subsequent 
dea th  of male o r  c a s t r a t e d  male animals. The source  of s i l i c a  appears  t o  be t h e  
range g r a s s e s  t h a t  con ta in  approximately 3% s i l i c a  (dry b a s i s )  i n  t h e  s p r i n g  
months and amounts o f t e n  exceeding 7% i n  t h e  f a l l  and win te r .  While t h e  
inc idence  of l a t e n t  s i l i c a  d e p o s i t s  i n  t h e  kidneys of graz ing  animals i s  o f t e n  i n  
t h e  range of 20 t o  90%, a t tempts  t o  experimental ly  produce s i m i l a r  d e p o s i t s  i n  
c a t t l e  o r  sheep have n o t  met w i th  success .  Therefore,  an animal model using 
l a b o r a t o r y  r a t s  f ed  d i e t s  conta in ing  2% of t h e  s i l i c o n  compound 
t e t r a e t h y l o r t h o s i l i c a t e  (TES) producing approximately a  50% inc idence  of s i l i c a  
u r i n a r y  c a l c u l i  has been used f o r  t h e  s tudy of d i e t a r y  f a c t o r s  i n f luenc ing  
u r i n a r y  s i l i c a  depos i t ion .  Resul t s  of t hese  s t u d i e s  a r e  r epo r t ed  he re in .  While 
n o t  d i r e c t l y  a p p l i c a b l e  t o  t h e  c o n t r o l  of s i l i c a  u r ina ry  c a l c u l i  in ruminants,  
t hese  s t u d i e s  provide i n s i g h t  concerning u r i n a r y  cond i t i ons  and d i e t a r y  f a c t o r s  
t h a t  may be used i n  f u t u r e  f i e l d  s t u d i e s  f o r  u r ina ry  c a l c u l i  p revent ion  i n  
graz ing  c a t t l e  and sheep. P a r t  of t h i s  r e sea rch  has been publ ished i n  g r e a t e r  
d e t a i l  e lsewhere (Emerick, 1984. 1986; Sch re i e r  and Emerick, 1986).  
Materials  and Methods 
Sprague-Dawley male r a t s  (Sasco, Inc., Omaha. NE) having i n i t i a l  weights of 
50 t o  60 g were used i n  these  s tud ies .  Rats were ind iv idua l ly  caged under 
- environmentally con t ro l l ed  condit ions t h a t  included a temperature of 23 t o  250 C 
and 12 hours of l i g h t  da i ly .  The basa l  d i e t  cons is ted  of dextrose,  69%; case in ,  
20%; corn o i l ,  5%; salts mixture P-H (ICN Nut r i t iona l  Biochemicals, Cleveland, 
O H ) ,  4%; v i tamin  mixture ( I C N  Nut r i t iona l  Biochemicals),  2%. This d i e t  provided 
.43% phosphorus, .50% calcium, .17% s u l f u r  and .43% chloride.  Die tary  t reatment  
v a r i a b l e s  were added a t  the  expense of dextrose. Deionized water  was a v a i l a b l e  
ad l ib i tum.  
Experimental periods were of an 8-week durat ion.  Water consumption was 
measured f o r  a 48-hour' period a f t e r  2, 4 and 6 weeks and u r ine  was c o l l e c t e d  from 
one-half of the  r a t s  f o r  a 24-hour period a f t e r  3 ,  5 and 7 weeks on experiment. 
A t  terminat ion,  blood samples were obtained by h e a r t  puncture, t h e  r a t s  were 
k i l l e d  and u r ina ry  t r a c t s  were examined f o r  mineral depos i t s .  
Experiment 1. Four t rea tments  were a s  follows: basa l  d i e t  ( c o n t r o l ) ,  an 
equal molar mixture of mono- and d ibas ic  sodium phosphate (MDP) providing .2% 
supplemental phosphorus, sodium s u l f a t e  providing .32% supplemental s u l f u r  and 
sodium ch lo r ide  providing .70% supplemental ch lor ide .  The q u a n t i t i e s  of added 
salts were a l l  chemically equivalent  (.2 equivalents  per  kg d i e t )  and a l l  d i e t s  
contained 2% TES. 
Experiment 2. I n  view of the  i n t e r r e l a t i o n s h i p  between calcium and 
phosphorus and t h e  p ro tec t ion  agains t  s i l i c a  u r ina ry  c a l c u l i  provided by 
supplemental phosphoris,  t h i s  experiment w a s  conductkd t o  determine whethe; 
supplemental calcium would inc rease  t h e  incidence of s i l i c a  u r ina ry  c a l c u l i .  
Treatments wi th  and without  2% TES included 0. 1 and 2% l e v e l s  of calcium 
carbonate (CC). These provided 0, .4 and .8% add i t iona l  calcium, respect ive ly .  
An a d d i t i o n a l  .2% supplemental phosphorus was added t o  a l l  d i e t s  t o  reduce the  
calculogenic p o t e n t i a l  previously associa ted  wi th  t h e  2% TES d i e t .  
Experiment 2. To determine the  extent  t h a t  the  p r o t e c t i v e  e f f e c t  of 
phosphorus was due t o  i t s  u r ina ry  ac id i fy ing  e f f e c t ,  t h r e e  t reatments  wi th  and 
without  2% TES were designed t o  provide equal concentrat ions of phosphorus whi l e  
providing v a r i a t i o n s  i n  u r ina ry  ac id i fy ing  and a l k a l i n i z i n g  e f f e c t s .  These 
t rea tments  providing .3% supplemental phosphorus (.61% t o t a l  P and .SO% C a  i n  t h e  
d i e t )  included monobasic sodium phosphate (MP), d ibas i c  sodium phosphate (DP) and 
DP + sodium bicarbonate  (SB). I n  the  order  l i s t e d ,  these  d i e t s  c o n t r i b u t e  
inc reas ing  amounts of a l k a l i  t o  t h e  ur ine .  
Experiment 4. Spray-dried egg albumin was subs t i tu t ed  f o r  case in  a s  a 
p r o t e i n  source i n  t h i s  experiment designed t o  f u r t h e r  cha rac te r i ze  t h e  
i n t e r r e l a t i o n s h i p  between d i e t a r y  phosphorus and ur ine  pH i n  t h e  prevention of 
s i l 5 c a  u r ina ry  c a l c u l i .  Egg albumin provides a lower amount of phosphorus (.29% 
P i n  the  basa l  egg albumin d i e t  v s  .43% P i n  the  basa l  case in  d i e t )  and 
con t r ibu tes  toward an a l k a l i n e  urine.  Treatments included an equal molar mixture 
of MP and DP (MDP). .75% ammonium ch lo r ide  (AC), MDP + .75% AC and d ibas ic  
ammonium phosphate (DAP). The phosphate salts, when used, provided .22% 
supplemental phosphorus. AC has been previously used f o r  u r ine  a c i d i f i c a t i o n .  
DAP provided t h e  same amount of phosphorus and a s l i g h t l y  lower amount of 
ammonium ion a s  t h e  treatment MDP + AC. 
Experiment 5. The egg wh i t e  s u b s t i t u t e d  d i e t  descr ibed  f o r  experiment 4 w a s  
used w i t h  v a r i a t i o n s  i n  DP and AC t o  determine i f  t h e  c a l c u l i  p r o t e c t i v e  e f f e c t  
of phosphorus i s  dependent upon an a c i d i c  ur ine .  Three l e v e l s  of DP provid ing  0,  
-15 and .30% supplemental phosphorus were f ed  wi th  and without  .36% AC. This  
l e v e l  of AC was shown i n  a pre l iminary  s tudy t o  cause s l i g h t  u r i n e  a c i d i f i c a t i o n  
but  t o  be below t h e  c r i t i c a l  l e v e l  r equ i r ed  f o r  s i l i c a  u r i n a r y  c a l c u l i  
prevent ion.  
Resu l t s  and Discussion 
Data a r e  presented  i n  t a b l e  1. Only those t rea tments  providing 2% TES a r e  
shown. A l l  u r i n a r y  c a l c u l i  formed i n  t hese  t rea tments  were confirmed by a n a l y s i s  
t o  be t h e  s i l i c a  type,  w i t h  s i l i c a  comprising g r e a t e r  than  90% of the. ash. 
I n  experiment 1 t h e  inc idence  of c a l c u l i  amounting t o  10/20 r a t s  i n  t h e  
c o n t r o l  group was reduced (PC.05) by d i e t a r y  a d d i t i o n s  of phosphate (1/20) and 
c h l o r i d e  (3/20) bu t  n o t  by s u l f a t e  (7/20) .  Reductions i n  c a l c u l i  a s s o c i a t e d  w i t h  
supplemental d i e t a r y  phosphorus o r  c h l o r i d e  occurred w i t h  no inc rease  i n  wa te r  
consumption ( d a t a  no t  shown) o r  u r i n e  volumes and w i t h  only smal l  d i f f e r e n c e s  i n  
u r i n e  pH. Urine phosphorus concen t r a t ion  w a s  i nc reased  (P<.05) by t h e  phosphate 
t rea tment ,  and u r i n e  calcium concen t r a t ion  tended t o  be inc reased  by s u l f a t e .  
Blood plasma phosphorus concen t r a t ion  was increased  (P<.05) by phosphate and 
ch lo r ide .  
I n  experiment 2 inc idence  of s i l i c a  u r ina ry  c a l c u l i  increased  w i t h  i n c r e a s e s  
i n  CC. A high c o r r e l a t i o n  c o e f f i c i e n t  of r = .99 (P<.02) was obtained.  The 
h ighe r  c a l c u l i  incidence a s s o c i a t e d  wi th  t h e  feeding  of CC occurred i n  
a s s o c i a t i o n  w i t h  a 6 t o  12% inc rease  i n  wa te r  i n t a k e  and a t r e n d  toward h ighe r  
u r i n e  volumes. Other u r i n a r y  d i f f e r e n c e s  (P<.01) caused by CC i nc lude  a h ighe r  
pH, g r e a t e r  calcium concen t r a t ion  and lower magnesium and phosphorus 
concent ra t ions .  I n  a d d i t i o n ,  blood plasma phosphorus and magnesium 
concen t r a t ions  were reduced (P<.01) by CC. 
I n  experiment 3 no u r i n a r y  c a l c u l i  were a s s o c i a t e d  wi th  t h e  most a c i d i c  form 
of d i e t a r y  phosphate (MP). The numbers of r a t s  developing u r i n a r y  c a l c u l i  were 
g r e a t e s t  f o r  t h e  t rea tments  having t h e  g r e a t e s t  a lkal i - forming p o t e n t i a l .  
However, a l l  c a l c u l i  found i n  a s s o c i a t i o n  w i t h  these  high-phosphorus d i e t s  i n  
experiment 3 were s m a l l ,  averaging only 1 mg o r  l e s s  a s  opposed t o  3 t o  10  mg f o r  
c a l c u l i  from low phosphorus t r ea tmen t s  i n  t h e  previous two experiments.  I n  
a d d i t i o n  t o  h ighe r  u r i n e  pH, u r i n a r y  s i l i c a  concen t r a t ions  were 15 t o  25% higher  
f o r  t h e  DP and DP + SB t rea tments  compared t o  t h e  MP t rea tment .  
I n  experiment 4 t h e  c a l c u l i  incidence of 11/24 i n  t h e  c o n t r o l s  was g r e a t l y  
reduced by phosphorus i n  t h e  form of e i t h e r  DP (1/24) o r  DAP (3/24) .  No 
c a l c u l i  occurred i n  e i t h e r  group f e d  .75% AC wi th  o r  wi thout  supplemental 
phosphorus. AC and DAP had t h e  g r e a t e s t  u r ina ry  a c i d i f y i n g  e f f e c t s .  However, 
MDP a l s o  con t r ibu ted  t o  u r i n e  a c i d i f i c a t i o n  t o  a smal l  degree. Therefore,  it was 
n o t  p o s s i b l e  t o  s e p a r a t e  primary e f f e c t s  of d i e t a r y  phosphate from i t s  tendency 
toward u r i n e  a c i d i f i c a t i o n  a s  f a c t o r s  c o n t r i b u t i n g  t o  prevent ion  of s i l i c a  
u r ina ry  c a l c u l i .  This s e p a r a t i o n  was subsequent ly achieved i n  experiment 5 where 
t h e  inc idence  of s i l i c a  c a l c u l i ,  amounting t o  10/20 i n  c o n t r o l s ,  was g r e a t l y  
reduced t o  5/20 by .15% phosphorus and 2/20 by .30% phosphorus i n  t h e  form of DP 
wi thout  an e f f e c t  on u r i n e  pH. AC a t  a l w e l  of .36%, whi le  s i g n i f i c a n t l y  
reducing u r i n e  pH, d i d  no t  s i g n i f i c a n t l y  reduce t h e  inc idence  of u r i n a r y  c a l c u l i  
(8 /20) .  No c a l c u l i  occurred i n  t rea tments  providing AC wi th  e i t h e r  l e v e l  of DP, 
i n d i c a t i n g  t h a t  t h e  independent e f f e c t s  of d i e t a r y  phosphorus and u r i n a r y  
a c i d i f y i n g  agents  were a d d i t i v e .  
I t  i s  concluded t h a t  supplemental phosphorus, i n  t h e  absence of 
corresponding inc reases  i n  d i e t a r y  calcium, and u r i n a r y  a c i d i f y i n g  agents  
i nc lud ing  a c i d i c  forms of phosphate and AC a r e  e f f e c t i v e  i n  t h e  prevent ion  of 
s i l i c a  u r i n a r y  c a l c u l i  i n  t h e  animal model used f o r  t hese  s t u d i e s .  Appl ica t ion  
of t hese  r e s u l t s  t o  ruminants has no t  y e t  been made. Attempts toward ruminant 
a p p l i c a t i o n  should be  made wi th  cau t ion  i n  t h a t  h igh  d i e t a r y  phosphorus l e v e l s  
accompanied by an a l k a l i n e  u r i n e  have been previous ly  def ined  a s  a  cause of 
phosphat ic  u r ina ry  c a l c u l i ,  a  form of c a l c u l i  most p reva len t  i n  f e e d l o t  c a t t l e  
and sheep. Therefore,  only a c i d i c  forms of phosphorus o r  phosphorus sources 
incorpora ted  i n t o  supplenients having an acid-forming p o t e n t i a l  should be  used i n  
a t tempts  t o  extend t h e  r e s u l t s  of t h i s  animal model t o  graz ing  ruminants. 
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TABLE 1. INnUENCE OF VARIOUS TREATMENTS ON SILICA URINARY CALCULI 
INCIDENCE AND URINE AND BLOOD PLASMA PARAMETERS 
Ur inary  Ur ine  Blood plasma 
c a l c u l i  Volume S i l i c a  P Ca MR P Ca Ma 
- - 
Treatment i n c i d e n c e  m1/24 h pH mg/100 m l  mg/100 ml- 
Experiment 1 
Control  i o / 2 o j  23.0 6.53 56 i o 5 j  8 .3jk  20.0 6 . 4 j  10.6 1 . 7 8  
MDP (.2% P) 1/20k 22.3 6 . 6 j  56 221k 6 .5j  16.4 6 .8jk  10.5 1 .65 
S u l f a t e  (.32% S)  7 / 2 o j l  25.2 6.8k 52 9 5 j  10.7k 18.5 6 .3 j  10.5 1 .62 
Chlor ide  (.7% C1) 3/20kl  27.2 6.7k 46 87 j 7 . 6 j  15.6 7.2k 10.7 1.74 
Experiment 2anb 
7/20 17.7 6.6 84 159 8.7 23.2 7 .O 10.2 1.52 
9/  20 20.5 7.3 5 8 54  17.2 16.0 6 .4  10.3 1 .58 
12/ 20 22.2 7.5 60 22 28.3 14.4 5.5 10.4 1 .36 
Experiment 3 
MP (.3% PI 0 /20 j  20.4 6 . 5 j  5 0 j  201 5.7 9 .3 j  6.2 9.7 1 .36 
DP (.3% P) 3/20k 21.5 6.8k 58k 208 5.0 10.3jk  6.6 10.0 1 .33  
DP (.3% P) + .5% SB 4/20k 20.8 7.11 621 240 5.6 11.9k 6.9 10.0 1.27 
Experiment 4Cnd.e. f 
Control  11 /24 j  19.9 7 .4  55 4 1 21.0 25.2 7 . 9  10.7 1.66 
MDP (.22% P) 1/2& 19.8 7 .1  5 9  170 11.0 23.2 8.4 10.8  1 . 7 8  
.75% AC 0/2& 19.6 6.5 60 52 19.1 26.2 7.3 10.8 1.65 
MDP (.22% P) + .75% AC 0/2& 21.8 6 .4  5 4  164 13.9  21.0 8.5 10.4 1.52 
DAP (.22% P) 3/2& 23.8 6.7 5 4  151 11.2 19.6 8.6 10.5 1.70 
Experiment 5g*h* i 
Control  10/20j  22.7 7.5 60 40 12.9  27.7 6.9 10.1  1.77 
DP (.15% P) 5 / 2 0 j  26.3 7 .4  5 1  99 8 .8  22.0 6.9 9.8 1.67 
DP (.3% P) 2/20k 25.1 7.4 60 167 5.5 1 9 . 8  7 .4  10.1 1.76 
.36% AC 8 /20 j  21.3 7 .2  6 1 45 16.2 28.2 7.3 10.3 1.82 
.36% AC + DP (.15% P) 0/20k 26.0 7.2 5 8  9 8 6.7 20.4 7 - 3  10.3 1 .78  
.36% AC + DP (.3% P) 0/20k 26.1 7 .1  51  164 6 .8  19.3 7.6 10.3 1.82 
a CC-urinary c a l c u l i  i n c i d e n c e  c o r r e l a t i o n ,  r = .99 ( R . 0 2 ) .  b CC e f f e c t  (P<.01) : u r i n e  pH. 
Ca. Mg, P; b lood plasma Mg, P. c MDP e f f e c t  (P< .01) :  u r i n e  pH. Ca, Mg, P, blood plasma P. d AC 
e f f e c t  (P< .01) :  u r i n e  AC x MDP i n t e r a c t i o n  (P< 01) f AC + MDP and DAP 
krea tments  d .  f t e r  ( P < .  O P ~ I  u r i n e  p ~ ,  ~ a ;  blood ~ g .  $ * D P  :ff2Znfp?Hb5) : u r i n e  volume. Ca. ~ g ,  P. 
AC e f f e c t  t ~ < . 0 1 ) :  u r l n e  pH, blood plasma Ca. i DP x AC i n t e r a c t i o n  ( ~ < . 0 5 ) :  u r i n e  s i l i c a ,  Ca. 
j .k.1 Means w i t h i n  t h e  same column and exper iment  n o t  having a common s u p e r s c r i p t  d i f f e r  (P<.05) .  
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A t o t a l  of 160 s t e e r s  were f ed  a whole corn-no roughage d i e t  wih tout  a 
b u f f e r  o r  w i th  sodium bicarbonate  a t  a  level of .87% of t h e  dry  d i e t .  The 
f i n i s h i n g  per iod  of 112 days followed t h e  feeding  of a h igh  corn s i l a g e  d i e t .  
Overa l l  feed in take .  weight ga ins  and feed  conversion were s i m i l a r  (P>.05) f o r  
s t e e r s  supplemented w i t h  sodium bicarbonate  a s  f o r  those  t h a t  d id  not  r e c e i v e  t h e  
bu f fe r .  Small per iod  d i f f e r ences  i n  performance t h a t  were observed between 
t r ea tmen t s  were not  s i g n i f i c a n t  (P>.05). Carcass c h a r a c t e r i s t i c s  were s i m i l a r  
f o r  t h e  c o n t r o l  and sodium bicarbonate  t reatments .  
(Key Words: Whole Corn. Sodium Bicarbonate.  F in i sh ing  Ca t t l e . )  
In t roduc t ion  
Ea r ly  r e sea rch  a t  t h e  South Dakota (A.S. S e r i e s  69-4 and 70-18) and 
Minnesota Experiment S t a t i o n s  has shown l i t t l e  d i f f e r e n c e  i n  performance of 
f i n i s h i n g  y e a r l i n g  c a t t l e  f ed  s h e l l e d  corn i n  e i t h e r  whole. ground o r  r o l l e d  
form. Carcass c h a r a c t e r i s t i c s  a l s o  were no t  a f f e c t e d  by t h e  form of corn fed. 
These previous s t u d i e s  u t i l i z e d  d i e t s  conta in ing  l i m i t e d  amounts of roughage. 
presumably t o  a i d  rumen func t ion .  
The u t i l i t y  of high grain-no roughage d i e t s  f o r  f i n i s h i n g  c a t t l e  has  been 
considered t o  be a  way of reducing c o s t s  of f e e d l o t  gains .  Less process ing  i s  
r equ i r ed  wi th  whole corn d i e t s  and feed  handl ing can be s imp l i f i ed .  However. it 
must b e  recognized t h a t  g r e a t e r  emphasis may need t o  be  placed on feed  bunk and 
c a t t l e  management t o  minimize d i g e s t i v e  d is turbances .  Under t hese  cond i t i ons  t h e  
feeding  of b u f f e r s  may have t h e  g r e a t e s t  p o t e n t i a l  f o r  providing b e n e f i t s .  
Buffers  may n e u t r a l i z e  ruminal a c i d s  and thus  improve animal performance. 
This experiment was conducted t o  compare performance of c a t t l e  f ed  whole 
s h e l l e d  corn wi th  and without  t h e  bu f fe r ing  agent  sodium b ica rbona te l .  
Experimental Procedure 
One hundred s i x t y  Angus. Hereford and Hereford x Angus c rossbred  s t e e r s  (avg 
815 l b )  were used i n  t h e  experiment. The c a t t l e  had been previous ly  fed  a  h igh  
corn silage-supplement d i e t  f o r  110 days. The s t e e r s  were no t  r e a l l o t t e d  and 20 
pens were used w i t h  e i g h t  s t e e r s  pe r  pen. Eighty s t e e r s  were f ed  a  corn-soybean 
l ~ h u r c h  and Dwight Co.. Inc.. Piscataway. NJ. 08854. 
meal supplement f o r t i f i e d  wi th  v i t amins  and minerals .  The remaining 80 s t e e r s  
were f e d  a  s i m i l a r  supplement con ta in ing  5.8% (dry  b a s i s )  sodium bicarbonate .  
Sodium bicarbonate  was added a t  t h e  expense of corn, wh i l e  soybean meal was 
inc reased  t o  main ta in  crude p r o t e i n  content  equ iva l en t  t o  t h e  c o n t r o l  supplement. 
1 supplements contained ~ u m e n s i n ~  a t  105 mg p e r  pound of supplement. The 
supplements were made i n t o  one-fourth inch  p e l l e t s  and ba t ch  mixed w i t h  whole 
corn a t  time of feeding.  The mixed d i e t s  were formulated t o  c o n t a i n  85% whole 
corn and 15% supplement (dry b a s i s ) .  
C a t t l e  were weighed a t  28-day i n t e r v a l s .  I n i t i a l  and f i n a l  weights  were 
obta ined  fo l lowing  overn ight  withdrawal of feed and water .  
Feedlo t  performance i s  presented f o r  each 28-day period and f o r  t h e  o v e r a l l  
experiment.  The weight  g a i n s  f o r  per iods  a r e  based on f i l l e d  weights .  The 
o v e r a l l  d a t a  a r e  based on i n i t i a l  and f i n a l  shrunk weights.  Cons idera t ion  of 
f i l l  must t h e r e f o r e  be g iven  i n  eva lua t ing  per iod  data .  
Resul t s  and Discussion 
Whole corn was r e a d i l y  consumed ( t a b l e  1) wi th  no e f f e c t  (P>.05) of 
b i ca rbona te  supplementat ion on feed  i n t a k e  i n  e i t h e r  t h e  per iod  d a t a  o r  f o r  t h e  
o v e r a l l  t r i a l .  The s t e e r s  consumed about . I6  l b  sodium b ica rbona te  d a i l y  (avg 
.87% of t h e  dry d i e t ) .  Diges t ive  d is turbances  were n o t  observed i n  e i t h e r  t h e  
c o n t r o l  o r  t h e  bicarbonate-fed c a t t l e .  One s t e e r  i n  a  c o n t r o l  l o t  d ied  n e a r  t h e  
end of t h e  experiment. Necropsy revealed a  phys io log ica l  cond i t i on  which was no t  
r e l a t e d  t o  d i e t a r y  t reatment .  
Small d i f f e r e n c e s  (P>.05) between c o n t r o l  and b icarbonate  t r ea tmen t s  i n  each 
of t h e  l a s t  t h r e e  per iods  (28 t o  56, 56 t o  84 and 84 t o  112 days) were probably 
r e l a t e d  t o  gut  f i l l  ( t a b l e  2 ) .  Overal l .  c o n t r o l  s t e e r s  gained a t  a  r a t e  of 2.96 
lb/day compared t o  2.85 lb/day f o r  s t e e r s  fed  sodium bicarbonate .  The 
d i f f e r e n c e s  were no t  s i g n i f i c a n t  (P>.05).  
Overa l l  feed conversions,  shown i n  t a b l e  3 ,  were s i m i l a r .  Feeding whole 
corn w i t h  sodium b ica rbona te  r e s u l t e d  i n  feed requirements of 648 l b  of dry feed  
p e r  100 l b  ga in  compard t o  624 l b  f o r  d i e t s  wi thout  t he  bu f fe r .  
Previous experiments conducted w i t h  lambs and s t e e r s  a t  our  f e e d l o t s  
i n d i c a t e  some improvement i n  performance w i t h  sodium b ica rbona te  feeding  e a r l y  i n  
t h e  feeding  period. Howwer, t h i s  advantage f o r  b u f f e r  feeding  u s u a l l y  was no t  
maintained i n  t h e  l a t t e r  p o r t i o n  of t h e  feeding  period.  I n  t h i s  t r i a l ,  an e a r l y  
response t o  b u f f e r  feeding  was no t  observed where a  whole corn-no roughage d i e t  
was fed. 
Data f o r  some c a r c a s s  c h a r a c t e r i s t i c s  a r e  presented  i n  t a b l e  4. There were 
no important  d i f f e r e k e s  (P>.05) i n  t h e  v a r i o u s  ca rcas s  measurements. Yie ld  
grade tended t o  be  lower (P>.05) f o r  c a t t l e  f ed  sodium b ica rbona te  (2.55) than  
f o r  c o n t r o l s  (2.68).  Incidence of abscessed l i v e r s  was low i n  t h i s  s tudy w i t h  
only f i v e  occurr ing  i n  c o n t r o l  s t e e r s  (6.3%) and seven occurr ing  i n  
bicarbonate-fed s t e e r s  (8.7%). There were no advantages t o  feeding  sodium 
b ica rbona te  w i th  a  h igh  corn-no roughage d i e t  under t h e  cond i t i ons  of t h i s  
experiment.  
2 ~ l a n c o  Products  Company. Indianapol i s ,  I N .  46206. 
TABLE 1. CUMULATIVE FEED INTAKE BY WEIGH PERIODS AS AFFECTED BY 
SODIUM BICARBONATE SUPPLEMENTATION 
Sodium 
I t e m  Control  b icarbonate  
Avg d a i l y  feeda,  l b  
Period 1 
Period 2 
Period 3 
Period 4 
Overa l l  (112 days) 18.43 18.42 
a Dry ma t t e r  bas i s .  
Period 1 = August 7 t o  September 4. 28 days. 
Period 2 = September 4 t o  October 2. 28 days. 
Period 3 = October 2 t o  October 30, 28 days. 
Period 4 = October 30 t o  November 27, 28 days. 
TABLE 2. CUMULATIVE WEIGHT G A I N  BY PERIODS AS AFFECTED BY 
SODIUM BICARBONATE SUPPLEMENTATION 
Sodium 
Item Control  b i ca rbona te  
No. of s t e e r s a  
I n i t .  shrunk w t . .  l b  
F i n a l  shrunk w t . .  l b  
Avg d a i l y  gain. l b  
Period 1 
Period 2 
Period 3 
Period 4 
Overa l l  (112 days, shrunk) 2.96 2.85 
Period 1 = August 7 t o  September 4 ,  28 days. 
Period 2 = September 4 t o  October 2. 28 days. 
Period 3 = October 2 t o  October 30. 28 days. 
Per iod  4 = October 30 t o  November 27, 28 days. 
a One s t e e r  d ied  of causes un re l a t ed  t o  experimental  t rea tments .  
TABLE 3.  CUMULATIVE FEED EFFICIENCY BY WEIGH PERIODS AS AFFECTED 
BY SODIUM BICARBONATE SUPPLEMENTATION 
Sodium 
Item Cont ro l  b i e a r b o n a t  e 
Feed t o  g a i n  r a t i o a  
P e r i o d  1 
P e r i o d  2 
P e r i o d  3 
P e r i o d  4 
Overall (112 days. sh runk)  625 648 
P e r i o d  1 = August 7 t o  September 4. 28 days.  
P e r i o d  2 = September 4 t o  Oc tober  2. 28 days.  
P e r i o d  3 = October  2 t o  Oc tober  30. 28 days.  
P e r i o d  4 = October  3 0  t o  November 27. 28 days.  
a A l l  f e e d s  were on d r y  matter b a s i s .  
TABLE 4. CARCASS CHARACTERISTICS AS AFFECTED BY 
SODIUM BICARBONATE SUPPLEMEXCATION 
Sodium 
I tem Cont ro l  b i c a r b o n a t e  
No. c a r c a s s e s  
Hot c a r c a s s  w t . .  l b  
Marbl ing s e o r e a  
Q u a l i t y  gradeb 
Y i e l d  g r a d e  
Abscessed l i v e r s  
a Smal l  = 5; modest = 6. 
Low c h o i c e  = 19;  a v e r a g e  c h o i c e  = 20. 
EFFEC!C OF SODIUM DIACETATE ON CORN SILAGE CHEMICAL 
CFIARACJ!ERIS!l'ICS, PRBSEKVA!CION AND FEEDLOT 
PERFORMANCE OF GROWING BEgP STEERS 
Richard M. Luther  
Department of Animal and Range Sciences \ BEEF REPORT / CATTLE 86-9 
Whole-plant corn forage  ens i l ed  a t  65% moisture and s to red  i n  concre te  s t a v e  
s i l o s  f o r  200 days was fed i n  high-si lage d i e t s  t o  growing beef s t e e r s .  
Approximately 84 tons  of dry ma t t e r  were s to red  i n  each of two s i l o s .  One s i l o  
contained forage  which was unt rea ted ,  whi le  t h e  o the r  contained forage  t r e a t e d  
wi th  sodium d i a c e t a t e  a t  1 l b  p e r  ton of wet forage. 
Dif ferences  i n  f e e d l o t  performance of growing s t e e r s  o r  i n  va r ious  chemical 
c h a r a c t e r i s t i c s  between un t r ea t ed  and sodium d iace ta t e - t r ea t ed  corn s i l a g e  were 
small  and not  s i g n i f i c a n t  (P>.05).  Both s i l a g e s  had a  d e s i r a b l e  pH (3.8) and 
contained over  10% l a c t i c  a c i d  i n  t h e  dry matter ,  i n d i c a t i n g  formation of h igh  
q u a l i t y  s i l a g e .  Recovery of s i l a g e  dry ma t t e r  was 85.6% f o r  un t r ea t ed  s i l a g e  and 
86.8% f o r  sodium d iace ta t e - t r ea t ed  s i l a g e .  
(Key Words : Corn Si lage ,  Additives.  Sodium Diace ta te ,  Ca t t l e .  ) 
In t roduc t ion  
Formation of q u a l i t y  s i l a g e  f o r  l i v e s t o c k  product ion i s  dependent on t h e  
r a t e  and completeness of t h e  chemical fermentat ion process and a l s o  on t h e  
p rese rva t ion  of t h e  s i l a g e  during s torage .  Microbial a c t i v i t y  of b a c t e r i a  
p re sen t  i n  f r e s h  fo rage  l e a d s  t o  the  formation of l a c t i c  a c i d  and o t h e r  organic  
a c i d s  which s t a b i l i z e  and preserve  s i l a g e  during s torage .  
The a d d i t i o n  of organic ac ids  t o  chopped forage  a t  e n s i l i n g  t o  a i d  i n  
p rese rva t ion  has been p rac t i ced  f o r  a  number of years .  Organic a c i d s  used i n  
preserv ing  crops inc lude  t h e  mineral  ac ids  (hydrochloric ,  su lphur i c  and 
phosphoric) and members of t h e  f a t t y  ac id  group (formic, a c e t i c ,  propionic,  
e t c . ) .  Sodium d i a c e t a t e ,  a  commercial product a v a i l a b l e  i n  t h e  s a l t  form, a i d s  
i n  a c i d i f i c a t i o n  of e n s i l a g e  while  permi t t ing  fermenta t ion  t o  occur wi th  t h e  
product ion of l a c t i c  acid.  Claims f o r  t h e  product inc lude  t h e  reduct ion  of mold 
formation, spa r ing  of p r o t e i n  from fermenta t ive  p r o t e o l y s i s  and i t s  u t i l i t y  wi th  
forage  of v a r i a b l e  moisture content .  
Previous research  a t  t h e  South Dakota Experiment S t a t i o n  ( C a t t l e  Feeders Day 
Report 84-11 showed t h a t  whole-plant corn fo rage  t r e a t e d  wi th  sodium d i a c e t a t e  
r e s u l t e d  i n  lower fe rmenta t ion  temperatures and a more r ap id  drop i n  pH 
as soc ia t ed  wi th  h igher  l a c t i c  ac id  l e v e l s  following e n s i l i n g  compared t o  
un t r ea t ed  s i l a g e .  The a d d i t i v e  had no e f f e c t  on n u t r i e n t  d i g e s t i b i l i t y  but  
preserved 3.4% more dry ma t t e r  than unt rea ted  s i l a g e .  
The o b j e c t i v e  of t h i s  r e s e a r c h  was t o  e v a l u a t e  sodium d i a c e t a t e - t r e a t e d  corn  
s i l a g e  when fed  t o  growing beef steers f ed  h igh-s i lage  d i e t s .  The e f f e c t  of t h e  
a d d i t i v e  on chemical c h a r a c t e r i s t i c s  of t h e  s i l a g e  dur ing  feedout  and on dry 
m a t t e r  p r e s e r v a t i o n  was a l s o  s tud ied .  
Procedures 
Whole-plant corn fo rage  from t h e  1983 corn crop was ha rves t ed  a t  64.7% 
mois ture  w i t h  a  convent iona l  fo rage  chopper. Loads of fo rage  were weighed and 
s t o r e d  a l t e r n a t e l y  i n  two conc re t e  s t a v e  s i l o s  (18 x 50 f t ) ,  each  equipped w i t h  a  
blower. A Gandy a p p l i c a t o r  was i n s t a l l e d  on one blower t o  d e l i v e r  1 l b  of 
sodium d i a c e t a t e l  p e r  t o n  of forage.  The s i l o s  were f i l l e d  r a p i d l y  t o  a  l e v e l  of 
t h e  s i l o  unloader ,  l e v e l e d  and packed. 
A r e p r e s e n t a t i v e  sample was c o l l e c t e d  from each load  and f rozen  f o r  chemical 
ana lyses .  Samples of each  s i l a g e  were a l s o  c o l l e c t e d  twice  weekly dur ing  feedout  
f o r  mois ture  de te rmina t ions  and f o r  l a t e r  chemical ana lyses .  
A feed ing  t r i a l  was conducted u t i l i z i n g  160 Hereford, Angus and Hereford x 
Angus f e e d e r  steers (avg 544 l b ) .  The c a t t l e  w e r e  purchased through a  l i v e s t o c k  
auc t ion .  I n i t i a l  weights  were taken a f t e r  1 4  hours  wi thout  feed  and wa te r  and 
s t e e r s  were a l l o t t e d  on t h e  b a s i s  of weight and breeding  t o  20 pens of e i g h t  
s t e e r s  each. A l l  steers were ear tagged,  implanted w i t h  36 mg ~ a l ~ r o 2  and 
vacc ina t ed  w i t h  a  4-way C l o s t r i d i a  spp. b a c t e r i n  and f o r  Bovine Virus Diar rhea  
(BVD), I n f e c t i o u s  Bovine R h i n o t r a c h e i t i s  (IBR) and para- inf luenza.  F u l l  weights  
w e r e  recorded a t  28-day i n t e r v a l s  dur ing  t h e  experiment. F i n a l  shrunk weights  
were recorded fo l lowing  an 18-hour s t and  wi thout  feed  and water .  
Corn s i l a g e  was o f f e r e d  t o  a l l  c a t t l e  according t o  a p p e t i t e .  A p r o t e i n  
supplement was mixed w i t h  t h e  s i l a g e  and f ed  a t  t h e  r a t e  of 2  l b  p e r  steer d a i l y .  
The supplement was composed of 70% soybean meal (44% crude p r o t e i n )  and 20% 
ground s h e l l e d  corn f o r t i f i e d  w i t h  macro and micro minera l s  and v i t amin  A. 
The s i l o s  were opened a f t e r  200 days of s t o r a g e  and s p o i l e d  s i l a g e  removed 
from t h e  s u r f a c e ,  weighed and sampled. Feedable  s i l a g e  was based on t h e  sum of 
f eed  record  v a l u e s  kept  u n t i l  t h e  s i l o s  w e r e  empty. Nonrecovered s i l a g e  was 
ob ta ined  by d i f f e r e n c e  and included l o s s e s  dur ing  fe rmenta t ion ,  s t o r a g e  and 
f  eedout . 
Resu l t s  and Discuss ion  
Feedlo t  performance f o r  t h e  110-day experiment i s  presen ted  i n  t a b l e  1. The 
l e v e l  of performance was accep tab l e  cons ider ing  t h a t  wel l -eared corn forage  was 
e n s i l e d  and t h e  r e s u l t i n g  s i l a g e  was f u l l  fed  t o  s t e e r s  wi thout  a d d i t i o n a l  g r a in .  
Weight ga in ,  dry m a t t e r  consumption and feed  e f f i c i e n c y  were s i m i l a r  (P>.05) f o r  
s t e e r s  f e d  un t r ea t ed  o r  sodium d iace t a t e - t r ea t ed  corn s i l a g e .  
l c r o p  Cure, Domain I n d u s t r i e s  Inc. ,  New Richmond, W I .  54017. 
2 ~ n t e r n a t i o n a l  Minerals  and Chemical Corporation. T e r r e  Haute, I N .  47808. 
Chemical q u a l i t y  f a c t o r s  f o r  t h e  experimental s i l a g e s  a r e  presented  i n  
t a b l e  2. Both s i l a g e s  were of h igh  q u a l i t y  a s  i n d i c a t e d  by l o w  pH va lues  (3.8) 
and h igh  l a c t i c  a c i d  l e v e l s  (10% of t h e  dry m a t t e r ) .  Di f fe rences  i n  t h e  v a r i o u s  
chemical measurements between un t r ea t ed  and sodium d i a c e t a t e - t r e a t e d  s i l a g e  w e r e  
r e l a t i v e l y  smal l  and no t  s i g n i f i c a n t  (P>.05) .  The s i m i l a r i t y  of ammoniacal 
n i t rogen  va lues  sugges ts  t h a t  p r o t e i n  degrada t ion  fol lowing e n s i l i n g  and s t o r a g e  
was a l s o  s i m i l a r  f o r  t h e  two s i l a g e s .  The 1 a c t i c : a c e t i c  a c i d  r a t i o ,  a  measure of 
t h e  e f f i c i e n c y  of fermentat ion,  d id  no t  d i f f e r  (P>.05) f o r  t h e  un t r ea t ed  and 
sodium d i a c e t a t e - t r e a t e d  s i l a g e s .  
Recovery of dry ma t t e r  from s i l a g e  s t o r e d  i n  s t a v e  s i l o s  f o r  200 days i s  
shown i n  t a b l e  3 .  Dry ma t t e r  p re se rva t ion  was only s l i g h t l y  h ighe r  (86.8%) f o r  
t h e  sodium d i a c e t a t e - t r e a t e d  s i l a g e  compared t o  t h e  c o n t r o l  s i l a g e  (85.6%). This  
e f f e c t  i s  a s s o c i a t e d  wi th  s l i g h t l y  lower spo i l age  l o s s e s  i n  t h e  t r e a t e d  s i l a g e .  
Dry ma t t e r  recovery va lues  f o r  t h i s  t r i a l  a r e  somewhat lower than have been 
experienced w i t h  corn s i l a g e  s t o r e d  i n  s t a v e  s i l o s  a t  t h i s  l o c a t i o n .  However, i t  
i s  no t  uncommon t o  have dry ma t t e r  l o s s e s  ranging from 10  t o  15% under t h e  
cond i t i ons  of t h i s  experiment. 
TABLE 1. EFFECT OF SODIUM DIACETATE TREATMENT OF CORN SILAGE 
ON FEEDLOT PERFORMANCE OF GROWING BEEF STEERS 
(APRIL 8-JULY 27, 1984--110 DAYS) 
Sodium 
d iace t a t e -  
Untreated t r e a t e d  
Itema s i l a g e  s i l a p e b  
Number of s t e e r s  
Avg i n i t i a l  w t ,  l b  
Avg f i n a l  w t .  l b  
Avg d a i l y  gain,  l b  
Avg dry ma t t e r  i n t ake ,  l b  17.21 17.02 
Dry matter /100 l b  gain.  l b  731 7  2  4  
a Treatment d i f f e r ences  f o r  performance measurements were 
no t  s t a t i s t i c a l l y  s i g n i f i c a n t  (P>.05).  
b  Crop Cure, Domain I n d u s t r i e s  Inc. ,  New Richmond, W I .  
TABLE 2. CHEMICAL CHARACTERISTICS OF UNTREATED AND SODIUM 
D I  ACETATE-TREATED COW SILAGES 
Sodium 
d iace t a t e -  
Untreated t r e a t e d  
Itema s i l a g e  s i l  ageb 
Number of samples 
Dry mat te r ,  %C 
PH 
T i t r a t a b l e  a c i d i t y d .  
Ammonia n i t rogen ,  %e 
Percentage of dry ma t t e r  
Crude p r o t e i n  8-34 8,33 
L a c t i c  a c i d  10.22 9.77 
Acet ic  a c i d  1.78 1-77  
Propionic  a c i d  .03 .04 
Bu ty r i c  a c i d  .02 -02 
To ta l  v o l a t i l e  f a t t y  ac ids  1.83 1 -83 
Acid de t e rgen t  f i b e r  3  0.06 28.40 
Neutal de t e rgen t  f i b e r  52-63 53.21 
L a c t i c : a c e t i c  r a t i o  5.7 5.5 
a Treatment d i f f e r e n c e s  i n  chemical c h a r a c t e r i s t i c s  were 
n o t  s t a t i s t i c a l l y  s i g n i f i c a n t  (P>.05). 
Crop Cure, Domain I n d u s t r i e s  Inc. ,  New Richmond, W I .  
Toluene d i s t i l l a t i o n  wi th  a c i d  co r r ec t ion .  
M i l l i l i t e r s  .IN KOH t o  b r ing  pH t o  7. 
Percentage of t o t a l  n i t rogen .  
TABLE 3. PRESERVATION OF DRY MATTER I N  UNTREATED AND SODIUM 
D I  ACETATE-TREATED CORN SILAGEa 
Sodium 
d i a c e  t a t e -  
Unt rea ted  t r e a t e d  
Item s i l a g e  s i l a g e b  
Forage d ry  m a t t e r  a t  s t o r a g e ,  % 35.34 35.26 
Dry m a t t e r  s t o r ed .  l b  168.702 168.019 
Dry m a t t e r  f o r  feed ing .  l b  144.495 145.809 
Percen tage  of  d ry  matter s t o r e d  85.65 86.78 
Dry m a t t e r  as spo i l age .  l b  5.769 3.998 
Percen tage  of d r y  matter s t o r e d  3.42 2.38 
Dry m a t t e r  n o t  recovered.  l b  18.438 18.212 
Percen tage  of d ry  matter s t o r e d  10.93 10.84 
a S to r age  pe r i od  = 200 days. 
Crop Cure. Domain I n d u s t r i e s  Inc.. New Richmond, W I .  
EFPECL' OF AIWIBIOTICS IN ADAPTATION OF GRaWIM; 
BEEF CALVES TO TBE FEEDLOT 
Richard M. Luther  
Department of Animal and Range Sciences 
Four medicat ion schemes f o r  adapt ing s t r e s s e d  f e e d e r  ca lves  t o  t h e  f e e d l o t  
were eva lua ted  i n  a 110-day t r i a l .  A t o t a l  of 160 Hereford, Angus and Hereford x 
Angus s t e e r s  (544 l b )  were f ed  a high-corn s i l a g e  d i e t  supplemented w i t h  t h e  
fol lowing medicat ions:  (1)  nonmedicated c o n t r o l ,  (2)  c h l o r t e t r a c y c l i n e -  
sulfamethazine (350 mg/steer  of each compound f o r  28 days, (3)  oxyte t ra -  
c y c l i n e  (2  g / s t e e r )  f o r  10  days, then  1 g / s t e e r  f o r  4 days) and (4)  oxyte t ra -  
c y c l i n e  ( 2  g / s t e e r  f o r  1 4  days) .  Average d a i l y  ga in ,  dry m a t t e r  consumption and 
feed  convers ion  were s i m i l a r  (P>.05) f o r  ca lves  i n  a l l  t rea tments .  None of t h e  
s t e e r s  r equ i r ed  a d d i t i o n a l  medicat ion dur ing  t h e  t r i a l .  
(Key Words : A n t i b i o t i c s ,  Adaptation, Beef Calves. ) 
In t roduc t ion  
S t r e s s  of weaning and sh ipping  ca lves  i s  f r equen t ly  followed by s i ckness  and 
d i s e a s e  r equ i r ing  ex tens ive  t reatment  and causing slow ga ins  and/or  dea th  l o s s e s  
dur ing  a d a p t a t i o n  t o  t h e  f eed lo t .  Such problems i n  adap t ing  ca lves  t o  t h e  
f e e d l o t  a r e  c o s t l y  t o  t h e  feeder .  
Experiments conducted a t  t h e  South Dakota Experiment S t a t i o n  demonstrated 
t h e  v a l u e  of a n t i b i o t i c s  and combinations of a n t i b i o t i c s  and s u l f a  drugs i n  
reducing inc idence  of d i s e a s e  and improving e a r l y  f e e d l o t  performance of ca lves  
fol lowing weaning and shipping.  Because t h i s  work was conducted s e v e r a l  y e a r s  
ago and because of renewed i n t e r e s t  o r  concern about t h e  c u r r e n t  e f f e c t i v e n e s s  of 
a n t i b i o t i c s ,  a t r i a l  was conducted w i t h  s t r e s s e d  f eede r  ca lves .  The experiment 
compared t h e  performance of f e e d l o t  c a t t l e  fed  a nonmedicated d i e t  o r  d i e t s  
con ta in ing  chlortetracycline-sulfamethazine and oxy te t r acyc l ine .  
Procedures 
A shipment of 171 s t e e r  ca lves  (Hereford, Angus, Hereford x Angus) averaging 
580 l b  (pay weight)  was purchased a t  a l i v e s t o c k  auc t ion  i n  wes tern  South Dakota. 
The c a t t l e  were i n  t r a n s i t  5.5 hours. Upon a r r i v a l  a t  t h e  f e e d l o t ,  they were 
he ld  an a d d i t i o n a l  8 hours  without  feed o r  water  and weighed e a r l y  t h e  fol lowing 
morning. The ca lves  averaged 544 l b ,  r e s u l t i n g  i n  a 6.2% sh r ink  based on pay 
weight.  A t o t a l  of 160 s t e e r s  were s e l e c t e d  from t h e  shipment on weight and 
a l l o t t e d  t o  20 pens of e i g h t  s t e e r s  each. 
The ca lves  were i d e n t i f i e d ,  implanted w i t h  ~ a l ~ r o l  (36 mg/steer)  and 
vacc ina ted  f o r  4-way C l o s t r i d i a  spp.. Bovine Virus  Diar rhea  (BVD) , Bovine 
Rhinot rachea t i s  (IBR) and para- inf luenza p r i o r  t o  a l lo tment .  
Corn s i l a g e  f ed  i n  t h e  t r i a l  was harves ted  from well-eared corn forage  (1983 
crop)  and s t o r e d  i n  two conc re t e  s t a v e  s i l o s  (18 x 50 f t ) .  One s i l o  contained 
un t r ea t ed  s i l a g e  and t h e  o t h e r  was t r e a t e d  wi th  a s i l a g e  add i t i ve .  Four 
supplemental t r ea tmen t s  were f ed  wi th  each s i l a g e .  The supplement and days of 
a d a p t a t i o n  feeding  were: 
Treatment no. 
-
Medication. feeding  l e v e l  and days f ed  
1 Nonmedicated c o n t r o l  f o r  110 days 
AS-7002. 350 mg c h l o r t e t r a c y c l i n e  and 
350 mg sulfamethazine pe r  s t e e r  f o r  
28 days 
~ e r r a m ~ c i n 3 ,  2  g oxy te t r acyc l ine  pe r  s t e e r  
f o r  10 days. then  1 g oxy te t r acyc l ine  f o r  
4 days 
Terramycin. 2 g  oxy te t r acyc l ine  pe r  s t e e r  
f o r  14  days 
Composition of t h e  supplements i s  presented  i n  t a b l e  1. Each supplement was 
formulated t o  con ta in  approximately 35% crude p r o t e i n  (dry b a s i s )  and was f ed  a t  
a  r a t e  of 2 l b  p e r  s t e e r  da i ly .  The nonmedicated c o n t r o l  supplement was f ed  from 
t h e  completion of t h e  medicat ion t rea tments  t o  t h e  end of t h e  t r i a l .  S i l age  was 
f ed  according t o  a p p e t i t e .  
I n i t i a l  weights  were those  of t he  c a t t l e  upon a r r i v a l  a t  t h e  f e e d l o t .  F i n a l  
weights  were recorded a f t e r  an overnight  s tand  without  feed  o r  water .  The c a t t l e  
were i n d i v i d u a l l y  weighed without  sh r ink  a t  i n t e r v a l s  of 15. 30. 58. 86 and 110 
days. S i l a g e  and supplement were ba t ch  mixed and de l ive red  t o  a  fence- l ine  feed  
bunk. Weight gain,  feed  consumption and feed  conversion were computed a t  t h e  end 
of each i n t e r v a l .  
Each of t h e  f o u r  t r ea tmen t s  was r e p l i c a t e d  twice wi th  each s i l a g e .  A t h i r d  
p a r t i a l  r e p l i c a t i o n  included only t rea tments  2 and 3 wi th  each s i l a g e  f o r  a  t o t a l  
of 20 pens of 8 ca lves  each. 
Samples of s i l a g e  and supplement were c o l l e c t e d  twice weekly, oven d r i e d  and 
prepared f o r  chemical ana lys i s .  
l ~ n t e r n a t i o n a l  Minerals  and Chemical Corporation. Te r re  Haute. I N .  47808. 
2 ~ m e r i c a n  Cyanamid Co.. Pr inceton.  NJ, 08540. 
3 ~ i f z e r .  Inc. ,  Lee ' s  Summit. MOB 64063. 
Resu l t s  and Discuss ion  
S t a t i s t i c a l  ana lyses  of t h e  f e e d l o t  performance d a t a  showed t h a t  no 
i n t e r a c t i o n  (P>.05) e x i s t e d  between medicat ion and s i l a g e  t rea tments .  The d a t a  
w e r e  t h e r e f o r e  averaged a c r o s s  s i l a g e  t rea tments  and presen ted  a s  f o u r  medicat ion 
t rea tments .  
Feed Consumption. Dry matter i n t a k e s  a r e  presen ted  i n  t a b l e  2. Feeding 
t h e r a p e u t i c  l e v e l s  of chlortetracycine-sulfamethazine o r  o x y t e t r a c y c l i n e  t h e  
f i r s t -  1 4  o r  28 days of a d a p t a t i o n  of c a t t l e  t o  t h e  f e e d l o t  had no e f f e c t  (P>.05) 
on f eed  consumption. Calves i n  each  medicat ion group consumed amounts of d ry  d i e t  
comparable t o  c a l v e s  f ed  t h e  nonmedicated d i e t .  
Growth Performance. Body weight ga in  responses  t o  short- term medicat ion a r e  
shown i n  t a b l e  3.  Recovery of s h r i n k  through inc reased  gu t  con ten t  c o n t r i b u t e d  
t o  h igh  s t e e r  g a i n s  i n  a l l  t rea tment  groups a f t e r  15 days. S t e e r s  f e d  
chlortetracycline-sulfamethazine (350 mg each compound/steer d a i l y )  gained t h e  
f a s t e s t  (4.90 lb/day)  , whi l e  t h e  s lowes t  g a i n s  (4.28 lb/day)  w e r e  made by s t e e r s  
f ed  o x y t e t r a c y c l i n e  a t  2  g  p e r  steer f o r  1 0  days followed by 1 g p e r  steer f o r  4  
days. Gains  f o r  t h e  c o n t r o l  and o x y t e t r a c y c l i n e  f e d  a t  2  g  p e r  steer f o r  1 4  days 
were in t e rmed ia t e .  These weight  g a i n s  w e r e  n o t  d i f f e r e n t  (P>.05) .  
A f t e r  an a d d i t i o n a l  2  weeks, gu t  con ten t  ( f i l l )  appeared t o  have s t a b i l i z e d  
and weight  g a i n s  g e n e r a l l y  diminished f o r  a l l  t rea tment  groups. Cumulative g a i n s  
w e r e  h i g h e r  (2.93 lb/day)  f o r  steers f ed  t h e  chlortetracycine-sulfamethazine 
combination than  those  f e d  e i t h e r  of t h e  o x y t e t r a c y c l i n e  t r ea tmen t s  (2.53 and 
2.58 lb /day)  o r  t h e  c o n t r o l s  (2.51 lb /day) .  
A s  t h e  experiment progressed  through t h e  58-, 86- and 110-day i n t e r v a l s ,  
g a i n s  f o r  steers t h a t  rece ived  medicated feed  dur ing  t h e  i n i t i a l  1 4  o r  28 days 
w e r e  s i m i l a r  t o  t hose  f o r  steers i n  t h e  nonmedicated group. While cumulat ive 
g a i n s  a t  110 days w e r e  h ighe r  (2.42 lb /day)  f o r  t h e  
chlortetracycline-sulfamethazine t rea tment ,  d i f f e r e n c e s  i n  growth observed 
between nonmedicated (2.33 lb/day)  and medicated t r ea tmen t s  (2.32 and 2.33 
lb /day)  were no t  s t a t i s t i c a l l y  s i g n i f i c a n t .  
Feed Conversion. Feed e f f i c i e n c y  d a t a  r epo r t ed  by weight  pe r iods  and 
-
cumulat ively are shown i n  t a b l e  4. Since t h e r e  were no major  o r  c o n s i s t e n t  
d i f f e r ences -  i n  f eed  consumption between t r ea tmen t s ,  feed  convers ion  d a t a  w e r e  
p r imar i l y  a  r e f l e c t i o n  of r a t e  of growth. S t e e r s  f e d  t h e  
chlortetracycline-sulfamethazine combination tended t o  b e  t h e  most e f f i c i e n t .  
However, none of t h e  measures of feed  e f f i c i e n c y  were d i f f e r e n t  (P>.05) .  
The c a l v e s  a v a i l a b l e  f o r  t h i s  s tudy had been weaned and appeared t o  be  
accustomed t o  e a t i n g  from a bunk p r i o r  t o  shipment. The animals  w e r e  somewhat 
s t r e s s e d  from shipment and handl ing  upon a r r i v a l  a t  t h e  f e e d l o t  b u t  w e r e  a l lowed 
t o  rest i n i t i a l l y  under good environmental c o n d i t i o n s  and c a r e f u l l y  monitored a t  
a l l  t i m e s  f o r  s i c k n e s s  and comfort. None of t h e  steers r equ i r ed  a d d i t i o n a l  
medicat ion dur ing  t h e  t r i a l .  The apparen t  l a c k  of response t o  medicat ion e a r l y  
i n  adapt ing  c a l v e s  t o  t h e  f e e d l o t  may have been due t o  t h e  good c o n d i t i o n  of t h e  
ca lves ,  t h e i r  e a r l y  h igh  feed  i n t a k e s  and r a t h e r  i d e a l  cond i t i ons  under  which t h e  
experiment was conducted. 
TABLE 1 . PERCENTAGE COMPOSITION OF THE SUPPLEMENTS 
Supplement mix tures  
C h l o r t e t r a -  
cy c l  ine-  
s u l  fametha- 
Non- z i n e  (350 mg 
medicated each compound Oxy te t r acyc l i ne  
I n g r e d i e n t  c o n t r o l  d a i l y )  2 g/day 1 g/day 
Soybean meal (44% P) 
Ground corn  
Ground l imes tone  
Dicalc ium phosphate  
Trace  mine ra l  sa l t  
Vitamin a premixa 
Aureo S-700b 
Terramycin-50c 
a Conta ins  30.000 I U  of v i t a m i n  A p e r  gram of premix (Hoffman-LaRoche. Nutley.  
N J .  07110).  
Conta ins  35 g of c h l o r t e t r a c y c l i n e  and 35 g of su l famethaz ine  p e r  pound of 
product .  
Conta ins  50 g o x y t e t r a c y c l i n e  p e r  pound of product .  
TABLE 2. DRY FEED INTAKE BY WEIGH PERIOD AND CUMULATIVELY 
Treatment 1 2 3 4 
Ch lo r t e t r a -  
cyc l ine-  
sulfametha- 
z i n e a  (350 mg ~ x y t e t r a c ~ c l i n e b  
Non- each compound (2  g / s t e e r / d a y  
medicated d a i l y  f o r  f o r  1 0  days. (2  g / s t e e r / day  
Item c o n t r o l  28 days) 1 g f o r  4 days)  f o r  1 4  days)  
Dry f eed  i n t a k e .  l b c  
15  days  12.4 12.5 12.3 12.5  
15 days (30) 14.6 (13.5) 15.5 (14.0) 14.6 (13.4) 15.1 (13.5) 
28 days  (58) 17.0 (15.2) 17.5 (15.7) 17.6 (15.4) 17.7 (15.7) 
28 days  (86) 18.6 (16.3) 18.7 (16.7) 18.9  (16.6) 18.6 (16.6) 
24 days 19.0 19.2 19.2 18.9  
Overa l l .  110 days (16.9) (17.2) (17.1) (17.1) 
a Conta ins  35 g c h l o r t e t r a c y c l i n e  and 35 g su l famethaz ine  p e r  pound. 
Conta ins  50 g o x y t e t r a c y c l i n e  p e r  pound. 
C Values  i n  p a r e n t h e s i s  a r e  cumulat ive .  
TABLE 3. FEEDLOT GAINS BY WEIGH PERIODS AND CUMULATIVELY 
Treatment 1 2 3 4 
Chlor te t ra -  
cy c l  ine- 
sulfametha- 
z inea  (350 mg 0xy te t r acyc l ineb  
Non- each compound (2 g / s t ee r /day  
medicated d a i l y  f o r  f o r  10 days. (2 g / s t ee r /day  
Item c o n t r o l  28 days 1 g f o r  4 days) f o r  14 days) 
Number of animals 32 48 4 8 32 
I n i t .  w t . .  l b  546.5 543.2 543.4 543.4 
F i n a l  w t . ,  l b  802.8 809.1 798.6 800.1 
Avg d a i l y  ga in ,  l b C  
15 days 4.50 4.90 4.28 4.55 
15 days (30) .52 (2.51) .81 (2.93) .78 (2.53) .60 (2.58) 
28 days (58) 3.08 (2.79) 2.99 (2.92) 3.15 (2.83) 3.12 (2.84) 
28 days (86) 2.03 (2,54) 2.01 (2.62) 1.85 (2.51) 2.05 (2.58) 
24 days 1.57 1.68 1.63 1.44 
Overa l l ,  110 days (2.33) (2.42) (2 -32) (2.33) 
a Contains 35 g c h l o r t e t r a c y c l i n e  and 35 g sulfamethazine pe r  pound. 
b Contains  50 g oxy te t r acyc l ine  pe r  pound. 
Values i n  pa ren thes i s  a r e  cumulative. 
TABLE 4. FEED EFFICIENCY BY WEIGH PERIOD AND CUMULATIVELY 
Treatment 1 2 3 4 
Chlor te t ra -  
cyc l  ine- 
sulfametha- 
z inea  (350 mg ~ x y t e t r a c ~ c l i n e b  
Non- each compound (2 g / s t ee r /day  
medicated d a i l y  f o r  f o r  10 days. (2 g / s t ee r /day  
Item c o n t r o l  28 days) 1 g f o r  4 days) f o r  14 days) 
Feed pe r  cwt. ga inc  
15 days 27 9 25 9 289 27 6 
15 days (30) 2155 (538) 2140 (478) 2234 (531) 3113 (536) 
28 days (58) 557 (545) 589 (537) 558 (545) 569 (553) 
28 days (86) 936 (641) 952 (635) 1033 (660) 915 (644) 
24 days 1244 117 1 1189 13 25 
Overal l .  110 days (7 25 (713) (739) (734) 
a Contains 35 g c h l o r t e t r a c y c l i n e  adn 35 g sulfamethazine p e r  pound. 
Contains 50 g oxy te t r acyc l ine  per  pound. 
Values i n  pa ren thes i s  a r e  cumulative. 
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Summary 
A f i e l d  t r i a l  experiment was conducted using 50 s t e e r s  t o  eva lua te  the  
feeding  va lue  of t h e  u l t r a f i l t r a t e d  permeate of whey (UFP) and products  made from 
a d d i t i o n a l  processing of UFP. A l l  s t e e r s  were fed  n u t r i t i o n a l l y  balanced g r a i n  
mixes and hay. Experimental d i e t s  were con t ro l  (C), i n  which t h e  g r a i n  m i x  
contained pr imar i ly  corn, o a t s  and soybean meal; UFP fed  a s  t h e  only l i q u i d ;  
p a r t i a l l y  fermented permeate (PFP), which contained 10% d r i e d  y e a s t  added t o  t h e  
u l t r a f i l t r a t e d  permeate, fed  a s  t h e  only source of l i q u i d ;  fermented ammoniated 
condensed permeate (FACP), which replaced soybean meal i n  t h e  g r a i n  m i x ;  and 
ammolac (AMM), FACP p lus  v i tamins  and minerals.  S t ee r s  f ed  C, FACP and AMM d i e t s  
had f r e e  choice access  t o  water.  The l i q u i d  UFP and PFP were r e a d i l y  consumed by 
s t e e r s  and suppl ied  4.8 l b  of dry ma t t e r  which replaced 5.3 l b  of gra in .  Weight 
ga ins ,  t o t a l  feed dry mat te r  consumption and feed  dry ma t t e r  per  weight ga in  were 
s i m i l a r  f o r  s t e e r s  fed  a l l  f i v e  d i e t s ,  i n d i c a t i n g  t h a t  a l l  four  of these  whey 
products  were u t i l i z e d  a s  w e l l  a s  more t r a d i t i o n a l  feeds.  The q u a l i t y  of 
ca rcas ses  from s t e e r s  fed  t h e  whey products  were a t  l e a s t  a s  good a s  and poss ib ly  
b e t t e r  than from s t e e r s  fed t h e  con t ro l  d i e t .  The feeding  of UFP o r  PFP would 
l i k e l y  be the  most economical a l t e r n a t i v e  f o r  feeding u l t r a f i l t r a t e d  permeate of 
whey. However, some concent ra t ing  of t he  permeate t o  inc rease  t h e  s o l i d s  content  
from t h e  p resen t  5.0 t o  5.5% s o l i d s  t o  g r e a t e r  than 10% s o l i d s  may allow UPF o r  
PFP t o  r ep lace  even more gra in .  
(Key Words: Whey, U l t r a f i l t r a t e d  Permeate, Liquid P ro te in  Supplements, s t e e r s . )  
In t roduc t ion  
Liquid whey, a by-product of cheese production, has been success fu l ly  fed t o  
c a t t l e  and hogs f o r  many years .  With t h e  advent of u l t r a f i l t r a t i o n  technology, 
many of t h e  whey p r o t e i n s  can be removed from t h e  whey t o  make whey p r o t e i n  
concent ra tes  f o r  use i n  human foods. This l eaves  an u l t r a f i l t r a t e d  permeate of 
whey (UFP) which con ta ins  5.0 t o  5.5% s o l i d s  v s  6 t o  7% s o l i d s  i n  whey, 2.5 t o  
3.0% of t h e  s o l i d s  (dry mat te r )  a s  crude p r o t e i n  v s  12 t o  14% i n  whey and most of 
t h e  minera ls  and l a c t o s e  which were i n  t h e  o r i g i n a l  whey. 
Limited r e sea rch  i s  a v a i l a b l e  t o  demonstrate t h e  s u i t a b i l i t y  of UFP a s  feed  
f o r  c a t t l e .  Also, s i n c e  UFP con ta ins  l e s s  s o l i d s  and p r o t e i n  than l i q u i d  whey, 
i t  i s  not  known i f  a d d i t i o n a l  processing o r  a d d i t i v e s  could e f f e c t i v e l y  improve 
t h e  feeding va lue  of UFP. Liquid p r o t e i n  supplements s i m i l a r  t o  products  
conta in ing  ammonium o r  urea  w i t h  molasses a r e  produced a s  fermented ammoniated 
condensed whey. It was n o t  known i f  s i m i l a r  products  could be  made using UFP a s  
t h e  s t a r t i n g  m a t e r i a l  i n  p lace  of whey. Thus, an experiment was conducted t o  
eva lua t e  UFP a s  a feed  a s  w e l l  a s  eva lua t e  products  produced by a d d i t i o n s  o r  
f u r t h e r  process ing  of t h e  UFP. 
Experimental Procedure 
U l t r a f i l t r a t e d  permeate of whey a s  w e l l  a s  t h r e e  products  r e s u l t i n g  from 
a d d i t i o n s  o r  a d d i t i o n a l  process ing  were w a l u a t e d  i n  a feeding  t r i a l  us ing  
s t e e r s .  The products  eva lua ted  were UFP; p a r t i a l l y  fermented permeate (PFP) ,  
which cons i s t ed  of UFP p l u s  d r i e d  yeast1 added a t  t h e  r a t e  of 10% of t r u e  s o l i d s  
conten t  of t h e  UFP t o  t h e  farm s t o r a g e  tank a t  t h e  time of UFP d e l i v e r y  t o  t h e  
farm; fermented ammoniated condensed permeate (FACP); and Ammolac (AMM), 
fermented ammoniated condensed permeate p l u s  v i tamin  and minera l  add i t i ons .  
This  r e sea rch  was conducted a s  a f i e l d  t r i a l  a t  a farm near  Pol lock i n  n o r t h  
c e n t r a l  South Dakota. The f a c i l i t i e s  d id  no t  a l low u s  t o  o b t a i n  i n d i v i d u a l  
i n t a k e s  of g r a i n  o r  hay but  served a s  a r e a l i s t i c  s e t t i n g  f o r  ob ta in ing  animal 
performance d a t a  dur ing  t h e  w i n t e r  under p r a c t i c a l  farm condi t ions .  The l o t s  
were open w i t h  wind p r o t e c t i o n  from t h e  northwest provided by a 10-foot h igh  
board fence.  
F i f t y  Ho l s t e in  s t e e r s  weighing 546 t o  966 l b  (average 755 l b )  were blocked 
i n t o  groups of f i v e  by weight and one s t e e r  from each of t h e  t e n  blocks randomly 
ass igned  t o  one of f i v e  experimental d i e t  groups. Experimental groups were 
c o n t r o l  (C),  UFP, PFP, FACP and AMM. A l l  s t e e r s  were f ed  g r a s s  hay and an 
appropr i a t e  g r a i n  m i x  f r e e  choice.  Several  ba tches  of g r a s s  hay were used 
throughout t h e  t r i a l ,  bu t  a l l  d i e t a r y  t rea tment  groups of s t e e r s  rece ived  hay 
from t h e  same b a t c h  a t  any one time. S t e e r s  i n  t h e  UFP and PFP groups a l s o  
rece ived  those  l i q u i d s  a s  t h e i r  only source of l i q u i d  v i a  wa te re r  systems which 
were heated t o  about 50 t o  550 F t o  p r w e n t  f r eez ing ,  whereas s t e e r s  i n  t h e  o t h e r  
groups rece ived  wa te r  v i a  s i m i l a r  waterers .  
The g r a i n  mixes ( t a b l e  1 )  were formulated s o  t h a t  t h e  t o t a l  d i e t  dry ma t t e r  
conten t  met o r  exceeded n u t r i e n t  requirements f o r  s t e e r s  weighing 700 t o  1300 l b .  
The amount of o a t s  i n  t h e  g r a i n  mixes v a r i e d  s o  t h a t  es t imated  f i b e r  conten t  of 
t o t a l  d i e t s  would remain r a t h e r  cons tan t .  Dicalcium phosphate, t r a c e  minera l  
s a l t  and v i t amin  a d d i t i v e s  v a r i e d  t o  main ta in  e s s e n t i a l l y  equal  t o t a l  d i e t  
composition f o r  calcium, phosphorus, t r a c e  minera ls  and f a t  s o l u b l e  v i tamins .  
Soybean meal was rep laced  by FACP o r  AMM i n  those g r a i n  mixes. 
The u l t r a f i l t r a t e d  permeate of whey was de l ive red  t o  t h e  farm every o t h e r  
day and s t o r e d  i n  bulk tanks i n  an i n s u l a t e d  room. Addi t iona l  hea t  was provided 
t o  t h e  room a s  needed wi th  a Nipco h e a t e r  t o  prevent  f r eez ing .  Each l i q u i d  
product ( i . e . ,  UFP o r  PFP) was de l ive red  from t h e  tank t o  t h e  wa te re r  (R i t ch i e  
i n s u l a t e d )  w i th  t h e  a i d  of a mobile home type pump. 
S t e e r s  were adapted t o  t h e i r  d i e t s  over  a per iod  of approximately a month. 
Liquid  permeate products  were blended w i t h  wa te r  i n  i nc reas ing  p ropor t ions  of 
permeate dur ing  t h i s  a d a p t a t i o n  period.  A l l  s t e e r s  were adapted t o  d i e t s  p r i o r  
t o  i n i t i a t i o n  of t h e  experimental  per iod  on December 5 ,  1985. The growth t r i a l  
cont inued f o r  17 weeks (119 days) u n t i l  Apr i l  3 ,  1986. S t e e r s  were weighed t h e  
f i r s t  Thursday of each month. 
I ~ r o v e s t e e n - K  d r i e d  y e a s t .  
A t  t e r m i n a t i o n  of t h e  growth t r i a l ,  t h e  t e n  l i g h t e r  weigh t  s t e e r s  i n  t h e  C 
( 3 ) .  FACP (4)  and AMM (3) groups were s e p a r a t e d  ou t  t o  be  used i n  a  second t r i a l  
i n  which they  were  f e d  UFP concen t r a t ed  t o  10% o r  more s o l i d s .  Data on t h a t  
t r i a l  a r e  n o t  r e p o r t e d  he r e .  The remaining s t e e r s  were  k i l l e d  and c a r c a s s  
e v a l u a t i o n  d a t a  c o l l e c t e d .  
R e s u l t s  and Discuss ion  
The chemical composi t ion of g r a i n  mixes and hay a r e  l i s t e d  i n  t a b l e  2. 
Con t r i bu t i ons  from UFP and PFP a r e  no t  i nc luded  i n  t h i s  t a b l e .  The UFP averaged  
5.2% d r y  ma t t e r .  w h i l e  t h e  PFP averaged 5.7% d r y  ma t t e r .  P r o t e i n  c o n t e n t s  of t h e  
d ry  m a t t e r  i n  UFP and PFP were  3.8 and 8.2%, r e s p e c t i v e l y .  The FACP and AMM 
con t a ined  56.4 and 52.4% d r y  ma t t e r .  The crude p r o t e i n  c o n t e n t  i n  t h e  d r y  m a t t e r  
of each of t h e s e  p roduc t s  w a s  70.9 and 76.3%. r e s p e c t i v e l y .  which provided 40% 
crude  p r o t e i n  f o r  bo th  FACP and AMM on an as f e d  b a s i s .  
Weight g a i n s  and f e e d  i n t a k e  d a t a  are p rezcn t ed  i n  t a b l e  3 .  One s t e e r  i n  
t h e  UFP group d i e d  du r ing  t h e  p r e l im ina ry  pe r i od ,  appa ren t l y  from b l o a t  t h a t  
r e s u l t e d  from consuming a  l a r g e  amount of UFP du r ing  a  s h o r t  pe r i od  of t i m e .  The - 
wate r i ng  system appa ren t l y  had n o t  been working f o r  a  few hours  p r i o r  t o  t h e  t ime 
it w a s  r e p a i r e d  and t h i s  l a r g e  consumption occur red  s h o r t l y  a f t e r  t h e  r e p a i r .  
Th i s  po in t ed  o u t  t h e  importance of why we recommend t h a t  a  s t e ady  supply  of whey 
permeate o r  whey a s  w e l l  a s  hay b e  a v a i l a b l e  t o  an imals  a t  a l l  t imes.  
Weight g a i n s  were  s i m i l a r  (P>.05) f o r  steers on a l l  f i v e  d i e t s  th roughout  
t h e  119-day exper imenta l  pe r iod .  There appeared t o  be some d i f f e r e n c e s  i n  weigh t  
ga ins .  w i t h  s t e e r s  f e d  PFP having t h e  g r e a t e s t  g a i n s  and t hose  f e d  FACP having 
t h e  l e a s t  ga in s ,  b u t  t h e  i n d i v i d u a l  animal v a r i a t i o n  preven ted  u s  from d e t e c t i n g  
t h e s e  as s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  u s i n g  only 10 an imals  p e r  
t r e a tmen t .  Weight g a i n s  tended t o  be  g r e a t e s t  f o r  s t e e r s  f e d  UFP and PFP du r ing  
some earl ier  monthly p e r i o d s  ( d a t a  no t  shown), bu t  t h e s e  f l u c t u a t i o n s  may have 
been due t o  t h e  amount of g r a i n  o f f e r e d  t o  s t e e r s  on C, FACP and AMM d i e t s  which 
was less t h a n  they  may have consumed f r e e  cho ice .  Thus, d i e t s  c o n t a i n i n g  any of 
t h e  f o u r  whey permeate p roduc t s  suppor ted  a s  good weight  g a i n s  a s  t h e  
convent iona l  ( c o n t r o l )  d i e t .  Weight g a i n s  were q u i t e  r e s p e c t a b l e ,  c o n s i d e r i n g  
t h a t  t h e s e  s t e e r s  were housed i n  open l o t s  and du r ing  t h e  c o l d e s t  w i n t e r  weather .  
T o t a l  d ry  m a t t e r  i n t a k e  and i n t a k e / g a i n  were s i m i l a r  f o r  a l l  groups,  
a l though  group f e e d  i n t a k e s  d i d  n o t  a l low f o r  a s t a t i s t i c a l  e v a l u a t i o n  of  t h e s e  
parameters .  Hay consumption w a s  e s t ima t ed  each month as between 5  t o  1 0  l b  p e r  
head p e r  day. The l i q u i d  whey p roduc t s  were r e a d i l y  consumed and no o t h e r  b l o a t  
problems occu r r ed  throughout  t h e  t r i a l .  Attempts were made t o  a s s u r e  t h a t  a  
s t e ady  supply  of t h e  l i q u i d s  w e r e  always a v a i l a b l e .  L iqu id  consumption averaged 
92.0 and 83.7 l b  p e r  head p e r  day f o r  UFP and PFP, r e s p e c t i v e l y .  Consumption of 
d ry  m a t t e r  from UFP o r  PFP averaged 4.8 l b  p e r  head p e r  day f o r  t h e  e n t i r e  t r i a l .  
Thus, t h e  l i q u i d  whey permeate p roduc t s  r ep l aced  5.0 t o  5.5 l b  of g r a i n  (90% d ry  
m a t t e r )  p e r  head d a i l y .  
Consumption of t h e  l i q u i d  permeate p roduc t s  (UFP and PFP) w a s  s l i g h t l y  
g r e a t e r  du r ing  t h e  f i r s t  month (about  6  I b  of dry m a t t e r  p e r  day) b u t  d e c l i n e d  
s l i g h t l y  a s  t h e  t r i a l  progressed  t o  about  4  l b  p e r  day t h e  las t  month. Why t h i s  
d e c l i n e  occur red  i s  n o t  known, bu t  t h e  s t e e r s  were  consuming more than  enough 
l i q u i d  t o  meet t h e i r  needs f o r  wate r .  I f  t h e s e  p roduc t s  were f e d  du r ing  h o t  
wea ther  which would i n c r e a s e  w a t e r  requirements ,  it i s  n o t  known i f  t o t a l  
consumption of UFP o r  PFP would b e  g r e a t e r  t h a n  observed i n  t h i s  exper iment .  
Canadian s t u d i e s  w i t h  l i q u i d  whey f e e d i n g  i n d i c a t e d  t h a t  consumption of l i q u i d  
may b e  t w i c e  as g r e a t  i n  summer as i n  w i n t e r .  
Carcass  e v a l u a t i o n  d a t a  a r e  p r e s e n t e d  i n  t a b l e  4. Data i n  p a r e n t h e s e s  f o r  
UFP and PFP e x c l u d e  d a t a  from t h e  t h r e e  l i g h t e s t  we igh t  s t e e r s  i n  e a c h  of t h o s e  
groups .  T h i s  comparison w a s  made i n  t h e  w e n t  t h a t  i n c l u d i n g  d a t a  from a l l  
s t e e r s  f e d  UFP and PFP d i e t s ,  whereas d a t a  f o r  t h e  o t h e r  d i e t s  exc luded  t h e  
s m a l l e s t  s t e e r s  because  t h e y  were  h e l d  back from market,  may have b i a s e d  t h e  
d a t a .  A l l  c a r c a s s  e v a l u a t i o n  paramete rs  measured were  similar f o r  s t e e r s  i n  a l l  
g roups ,  c o n s i d e r i n g  t h e  s t a t i s t i c a l  p r e c i s i o n  f o r  t h e  number of a n i m a l s  i n v o l v e d  
i n  t h i s  t r i a l .  E l i m i n a t i n g  d a t a  from t h e  s m a l l e s t  steers i n  t h e  UFP and PFP 
d i d n ' t  g r e a t l y  a l t e r  t h e  v a l u e s  f o r  t h o s e  groups.  Carcass  q u a l i t y  of s t e e r s  f e d  
whey permeate  p r o d u c t s ,  e s p e c i a l l y  UFP o r  PFP, was a t  l e a s t  as good as and 
p o s s i b l y  s l i g h t l y  b e t t e r  t h a n  c a r c a s s  q u a l i t y  f o r  s t e e r s  f e d  t h e  t r a d i t i o n a l  
c o n t r o l  d i e t  . 
We are n o t  a t t e m p t i n g  t o  make a n  economic e v a l u a t i o n  i n  t h i s  r e p o r t  b u t  t h a t  
c a n  b e  done by a p p l y i n g  a p p r o p r i a t e  d o l l a r  v a l u e s  t o  v a r i o u s  f e e d  i n g r e d i e n t s ,  
l a b o r  and o t h e r  i n p u t s  concerned w i t h  when f e e d i n g  c a t t l e .  However, t h e r e  a r e  
some i t e m s  mentioned below which may m e r i t  c o n s i d e r a t i o n .  
It i s  d i f f i c u l t  t o  p l a c e  a d o l l a r  v a l u e  on t h e  UFP, s i n c e  f o r  some cheese  
p l a n t s  p a r t i c u l a r l y  small p l a n t s  w i t h o u t  whey d r y i n g  f a c i l i t i e s ,  t h e  c o s t  of 
d i s p o s a l  may b e  t h e  d o l l a r  v a l u e  f o r  comparison. Such p l a n t s  may p r o v i d e  t h e  UFP 
t o  c a t t l e  f e e d e r s  f o r  t h e  c o s t  of h a u l i n g  w i t h  l i t t l e  o r  no a d d i t i o n a l  c h a r g e s .  
L i q u i d  p r o t e i n  supplements  such  a s  FACP and AMM would l i k e l y  b e  p r i c e d  
c o m p e t i t i v e l y  w i t h  o t h e r  l i q u i d  p r o t e i n  supplements  of similar c r u d e  p r o t e i n  
c o n t e n t .  
The s i m p l e s t  p r o c e d u r e  from t h e  p r o c e s s i n g  s t a n d p o i n t  would b e  t o  o f f e r  t h e  
u l t r a f i l t r a t e d  permeate  of whey t o  f e e d l o t  o p e r a t o r s .  T h i s  p roduc t ,  f e d  d i r e c t l y  
a s  UFP o r  w i t h  y e a s t  added (PFP), can g i v e  a c c e p t a b l e  animal  performance.  
However, concerns  t o  t h e  f e e d e r  i n  u s i n g  t h e s e  p r o d u c t s  may i n c l u d e  (1)  a l t e r i n g  
a f e e d i n g  system t o  accommodate t h e  f e e d i n g  of a  l i q u i d  p roduc t ,  (2 )  a  s t e a d y  
supp ly  of t h i s  l i q u i d ,  ( 3 )  a d a p t a t i o n  p e r i o d  f o r  c a t t l e  consuming t h i s  l i q u i d  and 
(4)  t h e  amount of g r a i n  m i x  which t h i s  l i q u i d  cou ld  r e p l a c e .  Rep lac ing  on ly  5.0 
t o  5.5 l b  of g r a i n  p e r  head d a i l y  may n o t  a t t r a c t  a  c a t t l e  f e e d e r ' s  a t t e n t i o n ,  
e s p e c i a l l y  w i t h  c u r r e n t  low g r a i n  p r i c e s ,  w h i l e  r e p l a c i n g  1 0  l b  o r  more o f  g r a i n  
p e r  head d a i l y  may make i t e m s  1, 2 and 3 l i s t e d  above worthwhi le .  
I f  some w a t e r  can  b e  remwed i n e x p e n s i v e l y  s o  as t o  r a i s e  t h e  s o l i d s  c o n t e n t  
of t h e  u l t r a f i l t r a t e d  permeate  t o  > lo% s o l i d s ,  such  a produc t  may b e  more 
a t t r a c t i v e  t o  c a t t l e  f e e d e r s .  Such a produc t  cou ld  p robab ly  b e  f e d  as t h e  o n l y  
s o u r c e  of l i q u i d  w i t h o u t  c a u s i n g  problems t o  t h e  animal .  However, a s  t h e  s o l i d s  
c o n t e n t  i s  i n c r e a s e d ,  t h e  m i n e r a l  c o n t e n t  is a l s o  i n c r e a s e d .  One may r e a c h  a 
p o i n t ,  p robab ly  around 15 t o  20% s o l i d s ,  beyond which w a t e r  must a l s o  b e  made 
a v a i l a b l e  t o  c a t t l e  t o  m a i n t a i n  normal animal  h e a l t h .  
Ferment ing,  ammoniating and condensing t h e  permeate  t o  make FACP o r  AMM adds 
c o s t  t o  t h e  p roduc t  b u t  produces  a  more m a r k e t a b l e  p roduc t .  These p r o d u c t s  c a n  
b e  c o m p e t i t i v e l y  marketed a s  l i q u i d  p r o t e i n  supplements ,  competing w i t h  o t h e r  
n o n p r o t e i n  n i t r o g e n  based  l i q u i d  p r o t e i n  supplements.  When p r o t e i n  supplements  
s u c h  a s  soybean meal a r e  expensive ,  t h e s e  l i q u i d  p r o t e i n  supplements  c a n  have a  
d e f i n i t e  p r i c e  advantage over  n a t u r a l  p ro t e ins .  There i s  l e s s  water  t o  t r a n s p o r t  
and t h e  product i s  more s t a b l e ,  s o  t h e  p o t e n t i a l  marketing a r e a  can be g r e a t l y  
expanded. 
However, i f  one i s  concerned wi th  how much whey permeate d r y  ma t t e r  i s  
consumed p e r  s t e e r ,  more c a t t l e  w i l l  be needed t o  u t i l i z e  a l l  of t h e  
u l t r a f i l t r a t e d  permeate generated by a  cheese p l an t .  For i n s t ance ,  i n  t h i s  
experiment,  s t e e r s  fed  UFP o r  PFP consumed 4.8 l b  of s o l i d s  p e r  head d a i l y  from 
whey permeate, whereas those  f e d  FACP o r  AMM consumed .75 l b  pe r  head d a i l y .  
This  lower f i g u r e  was p a r t i a l l y  due t o  t h e  f a c t  t h a t  t h e  whey permeate was 
converted from an "energy ingredien t"  i n  t h e  UFP and PFP d i e t s  t o  a  "p ro t e in  
i n g r e d i e n t w  i n  t h e  FACP and AMM d i e t s .  C a t t l e  d i e t s  u sua l ly  don ' t  need a s  much 
p r o t e i n  supplement a s  energy sources.  
This  f i e l d  t r i a l  demonstrated t h a t  t h e  u l t r a f i l t r a t e d  permeate of whey (UFP) 
a s  w e l l  a s  o t h e r  products  made from t h e  permeate (PFP, FACP and AMM) can be 
u s e f u l  feeds  f o r  c a t t l e .  Improved experimental  p r e c i s i o n  would be  needed t o  
determine which of t hese  products  t e s t e d  is  t h e  b e s t  product f o r  a  cheese p l a n t  
t o  manufacture f o r  t h e  c a t t l e  feeder .  
TABLE 1. COMPOSITION OF GRAIN MIXES 
Grain m i x  
P a r t i a l l y  
UF fermented 
Ing red ien t  Controla  permeateb permeateb FACPa Ammolac 
(%I 
Fermented, ammoniated 
condensed permeate 
Ammolac 
Corn, r o l l e d ,  s h e l l e d  
Oats,  r o l l e d  
Soybean meal, 44% CP 
Dicalcium phosphate 
Limestone 
Trace minera l ized  s a l t  
a Contains 2,000 I n t e r n a t i o n a l  Uni t s  (IU) of added v i tamin  A, 400 I U  of added 
v i t amin  D and .15 I U  of added v i t amin  E pe r  pound of g r a i n  m i x .  
Contains 4,000 I U  of added v i t amin  A, 800 I U  of added v i tamin  D and .30 I U  
of added v i t amin  E p e r  pound of g r a i n  m i x .  
TABLE 2. CHEMICAL COMPOSITION OF GRAIN MIXES AND HAY 
G r a i n  mix 
I t em C o n t r o l  UFP PFP FACP AMM Hay 
D r y  matter 90.7 90.5 89.9 85.9 87.6 88.2 
(% of  DM) 
Crude p r o t e i n  12.5 18.2 16.0 12.1 12.1 6.7 
E t h e r  extract 2.9 2.8 3.2 3 .O 3 .O 2.0 
Ash 3.7 4.5 4.7 4.0 4.2 10.5 
NDF 18.8 20.3 19.9 19.2 19.2 68.8 
AD P 4.9 7.5 6.2 5 -3 5.3 45.0 
L i g n i n  3.7 4.7 4.5 4.0 4.2 10.5 
TABLE 3. WEIGHT GAINS. FEED DRY MATTER (DM) INTAKE AND FEED DRY MATTER INTAKE 
PER POUND OF GAIN FOR STEERS FED CONTROL (C). ULTRAFILTRATED PERMEATE OF WHEY 
(UFP). PARTIALLY FERMENTED PERMEATE (PFP). FERMENTED AMMONIATED 
CONDENSED PERMEATE (FACP) AND AMMOLAC (AMM) DIETS 
(DEC. 5. 1985. TO APR. 3. 1986) 
D i e t  
I t em C UFP PFP FACP AMM SE 
No. of  a n i m a l s  10 9 10 10 10 
P r e l i m i n a r y  w t a ,  l b  750 7 44 754 7 63 7 62 -- 
S t a r t i n g  wtb. l b  894 887 888 91 8 91 8 34.3 
Ending w t c .  l b  11 84 1183 1198 1167 121 2 37 .O 
Gain. l b / d a y  2.43 2.48 2.61 2.10 2.48 .I37 
Feed i n t a k e .  l b  DM/day 
~ a ~ d  5.3 5.3 5.3 5.3 5.3 -- 
G r a i n  mix 21.9 17.4 17.5 20.6 21.4 -- 
UFP -- 4.8 -- -- -- -- 
PFP -- -- -- -- -- 4.8 
T o t a l  DM 27.2 27.5 27.8 26 .O 26.7 
DM i n t a k e / g a i n  11.2 11.1 10.6 12.4 10.8 
a Weights  on  10/19/85. when b r o u g h t  i n t o  t h e  f e e d l o t .  
Weigh t s  on  12/5/85. a f t e r  a d j u s t e d  t o  d i e t s .  
Weigh t s  on  4/3/86. a t  t h e  end o f  t h e  exper iment .  
Amounts o f  hay consumed were e s t i m a t e d .  
TABLE 4. CARCASS TRAITS FOR STEERS FED CONTROL (C), ULTRAFILTRATED PERMEATE 
OF WHEY (uFP) , PARTIALLY FERMENTED PERMEATE (PFP) , FERMENTED 
AMMONIATED CONDENSED PERMEATE (FACP) AND AMMOLAC (AMM) DIETS 
D i e t  
Item C UFP PFP FACP AMM SE 
No. of animals 
Carcass w t ,  l b  
Dressing % 
Farm w t ,  % 
Delivery w t ,  % 
Fa t  th ickness ,  in .  
Rib eye, sq. in .  
Kidney, pe lv i c ,  
h e a r t  f a t ,  % 
Yield grades  
~ a t u r i t ~ b  
Marbl ingc 
Qual i ty  graded 
a Yield grade ca l cu la t ed  on a c t u a l  f a t  th ickness  measure. Grades may have 
ad jus t ed  prel iminary y i e l d  grade s l i g h t l y  h igher  t o  account f o r  f a t  d i s t r i b u t i o n  
i n  o t h e r  l oca t ions .  Actual y i e l d  grades may have been s l i g h t l y  h igher  bu t  
r e l a t i v e  d i f f e r e n c e s  would have been a s  ind ica t ed  here.  
A l l  c a t t e l  were i n  A matur i ty  category. 
Marbling l e v e l s :  1 = t r a c e ,  3 = s l i g h t ,  5 = small, 7 = modest, 9 = 
moderate. 
* Q u a l i t y  grades: 1 = standard,  4 = good, 7 = choice. 
e  Data i n  parentheses a r e  a f t e r  t h e  t h r e e  l i g h t e s t  weight animals  were 
removed. 
C m  EFFI(zxEN(=H m- AND ms!nmmTm 
C. A. Dinkel and W .  J. C o s t e l l o  
Department of Animal and Range Sciences 
To ta l  energy i n t a k e  of t h e  cow f o r  a  yea r  is no t  i n d i c a t i v e  of he r  
e f f i c i e n c y  a t  weaning o r  h e r  n e t  r e t u r n  t o  t h e  e n t e r p r i s e .  What i s  important  i s  
how she  uses  t h e  energy she  consumes. 
Likewise, cow s i z e  i s  no t  i n d i c a t i v e  of e f f i c i e n c y  o r  n e t  r e tu rn .  
Breed d i f f e r e n c e s  probably e x i s t ,  but  they a r e  not  a s  important  a s  
i n d i v i d u a l  d i f f e r e n c e s  i n  cow e f f i c i e n c y  . 
Breed d i f f e r e n c e s  i n  postweaning e f f i c i e n c y  were found only when e f f i c i e n c y  
was c a l c u l a t e d  on a  cow b a s i s  and t h e  cow's annual i n t a k e  was included.  Remember 
t h i s  i s  a  - cow e f f i c i e n c y  s tudy and t h e  e f f e c t  of d i f f e r e n t  s i r e s  o r  d i f f e r e n t  
breeds  of s i r e  was no t  evaluated.  
Carcass  t r a i t  d i f f e r e n c e s  between breeds p r imar i ly  r e f l e c t  weaning weight  
d i f f e r e n c e s  o r  d re s s ing  percentage  propor t ion  of t h i s  d i f f e r ence .  When f e d  t o  a  
phys io log ica l  end po in t  (po in t  where g a i n  and e f f i c i e n c y  of g a i n  s t a r t  t o  
d e c l i n e ) ,  no d i f f e r e n c e s  due t o  breed group i n  c u t a b i l i t y  o r  q u a l i t y  grade were 
found . 
(Key Words: Cow Ef f i c i ency ,  Postweaning Ef f i c i ency ,  Carcass  T r a i t s ,  Breed 
Dif fe rences ,  Cow Size,  Cow Energy In take . )  
In t roduc t ion  
This  i s  a  progress  r e p o r t  of a  cont inuing  experiment i n i t i a t e d  i n  1968 and 
designed a s  an  in-depth s tudy of cow e f f i c i e n c y .  Objec t ives  have inc luded  t h e  
e v a l u a t i o n  of sources  of v a r i a t i o n  i n  e f f i c i e n c y ,  development of p r e d i c t i o n  
equa t ions  f o r  e f f i c i e n c y ,  c a l c u l a t i o n  of r e p e a t a b i l i t y ,  e v a l u a t i o n  of p o s s i b l e  
phys io log ica l  p r e d i c t o r s  of e f f i c i e n c y  and c a l c u l a t i o n  of an  e s t i m a t e  of 
h e r i t a b i l i t y  of e f f i c i e n c y .  Information on a l l  bu t  t h e  l a s t  o b j e c t i v e  has  now 
been obtained.  Addi t iona l  d a t a  w i l l  be  r equ i r ed  be fo re  a  dependable e s t i m a t e  of 
h e r i t a b i l i t y  can be achieved, and a d d i t i o n a l  d a t a  would be d e s i r a b l e  f o r  
eva lua t ing  phys io log ica l  p red ic to r s .  This  r e p o r t  d e a l s  w i t h  a d d i t i o n a l  
in format ion  on sources  of v a r i a t i o n  i n  pre- and postweaning cow e f f i c i e n c y .  
Procedures 
F a c i l i t i e s  and procedures have been developed which al low a c c u r a t e  
measurement of energy consumed by t h e  cow and h e r  c a l f  i n d i v i d u a l l y  dur ing  t h e  
cow year .  Feeds f e d  a r e  of a  composition a s  n e a r l y  equ iva l en t  a s  d r y l o t  
f a c i l i t i e s  w i l l  a l low t o  those  consumed by animals  i n  a  u sua l  ranch s i t u a t i o n .  
For example, t h e  cow's main energy supply i s  a l f a l f a  p e l l e t s  and t h i s  i s  only  
supplemented when it i s  impossible  t o  o b t a i n  t h e  energy consumption equa l  t o  t h a t  
ob ta ined  on green pas tu re s .  Cow t r a i t s  measured i n  a d d i t i o n  t o  energy i n t a k e  a r e  
weight  changes, cond i t i on  changes, h i p  he igh t  and milk product ion.  Calf t r a i t s  
measured a r e  weight  changes, energy consumption pre- and postweaning and 
i n d i v i d u a l  c a r c a s s  t r a i t s  i nc lud ing  y i e l d  of r e t a i l  c u t s .  Cm e f f i c i e n c y  a t  
weaning i s  measured a s  t h e  t o t a l  TDN (energy) consumed by cow and c a l f  dur ing  t h e  
y e a r  d iv ided  by t h e  weaning weight  of t h e  c a l f .  I n  o t h e r  words, i t  i s  t h e  energy 
consumption r equ i r ed  t o  produce a  pound of c a l f  a t  weaning. Postweaning cow 
e f f i c i e n c y  would i nc lude  cow and c a l f  TDN consumed t o  weaning p l u s  TDN 
consumption of t h e  c a l f  postweaning d iv ided  by e i t h e r  l i v e  weight  a t  s l a u g h t e r  o r  
weight  of r e t a i l  c u t  y i e l d ,  depending on t h e  e f f i c i e n c y  being ca l cu l a t ed .  
Resu l t s  and Conclusions 
Preweaning. The f i r s t  experiment involved s t r a i g h t  Angus, s t r a i g h t  
Charo la i s  and t h e  r e c i p r o c a l  c r o s s e s  of those  breeds  and e f f i c i e n c y  was measured 
on 333 ca lves  produced ove r  an 8-year per iod  from 84 cows ( G b l e  1 ) .  This  
experiment d id  n o t  i n d i c a t e  any cow s i z e  o r  breed d i f f e r e n c e s  a s  has been t r u e  of 
o t h e r  experiments  of t h i s  kind. The second experiment s t i l l  i n  p rog re s s  has 
involved  199 ca lves  produced by breeding unse l ec t ed  s t r a i g h t  Hereford, Simmental 
x  Hereford,  Angus x  Hereford and T a r e n t a i s e  x Hereford h e i f e r s  t o  a  Longhorn 
b u l l .  The a d d i t i o n  of t h e  l a s t  c a l f  crop t o  t h i s  d a t a  set has  i n d i c a t e d  f o r  t h e  
f i r s t  t i m e  s i g n i f i c a n t  b reed  d i f f e r e n c e s  ( t a b l e  2 ) .  The Hereford and Angus x  
Hereford d i d  n o t  d i f f e r  and t h e  Simmental x Hereford d i d  n o t  d i f f e r  from t h e  
Hereford bu t  were d i f f e r e n t  from t h e  Angus x  Hereford. The T a r e n t a i s e  x  Hereford 
were d i f f e r e n t  from a l l  o the r s .  While t h e  a n a l y s i s  i n d i c a t e s  t he se  d i f f e r e n c e s  
a r e  no t  l i k e l y  due t o  chance, t h e  recommendations made p rev ious ly  do no t  change 
t h a t  much. Producers w i l l  s t i l l  need t o  be  c a r e f u l  t o  reduce c a r r y i n g  c a p a c i t y  
when changing t o  l a r g e r  and/or  h ighe r  milking breed types  and s e l e c t i o n  f o r  
e f f i c i e n c y  w i t h i n  breed  i s  s t i l l  t h e  most important  way t o  improve cow 
e f f i c i e n c y .  I f  f u t u r e  r e s u l t s  support  p r e sen t  f i nd ings ,  b reed  types  s i m i l a r  t o  
t h e  more e f f i c i e n t  breed groups i n  t h i s  s tudy  w i l l  need t o  r e c e i v e  some e x t r a  
c r e d i t  i n  ca r ry ing  capac i ty  when c a l c u l a t i n g  n e t  r e t u r n  t o  p rope r ly  c r e d i t  them 
w i t h  t h e i r  h ighe r  e f f i c i e n c y  when s tandard  (use f o r  a l l  b reeds)  energy p a r t i t i o n s  
a r e  used. This  experiment w i l l  provide d a t a  u s e f u l  i n  developing energy 
requirements  f o r  each s e p a r a t e  breed type  which w i l l  be  more a c c u r a t e  f o r  n e t  
r e t u r n  c a l c u l a t i o n s .  
The breed  d i f f e r e n c e s  i n d i c a t e d  above have been a d j u s t e d  f o r  d i f f e r e n c e s  
caused by y e a r  t o  y e a r  v a r i a t i o n s ,  sex  of c a l f  and age of c a l f .  A f t e r  t h e s e  
adjustments ,  breed d i f f e r e n c e s  i n  experiment 2  accounted f o r  12% of t h e  
d i f f e r e n c e s  i n  cow e f f i c i e n c y .  Previous ana lyses  of experiments  1 and 2  have 
i n d i c a t e d  sex  of c a l f  accounted f o r  8.0 and 8.5% of t h e  d i f f e r e n c e s ,  
r e s p e c t i v e l y .  Other sources  of v a r i a t i o n  eva lua ted  s i m i l a r l y  i n  experiment 2  a r e  
weaning weight  of c a l f  (71%), milk product ion  (27%). cow cond i t i on  a t  weaning 
(16%),  cow weight a t  weaning ( l o % ) ,  c a l f  c reep  consumption ( l o%) ,  cow cond i t i on  
a t  c a lv ing  1 , cow TDN consumption (1%) and cow he igh t  (frame s i z e ,  0%) .  
(Researchers  note:  Squared c o r r e l a t i o n  r e s i d u a l  t o  model i nc lud ing  year ,  age and 
sex  of c a l f  . 
It i s  n o t  unexpected t h a t  weaning weight  of c a l f  accounts  f o r  a  h igh  
p ropor t i on  of t h e  v a r i a t i o n  i n  e f f i c i e n c y ,  s i n c e  i t  i s  t h e  d i v i s o r  i n  t h e  r a t i o  
t h a t  de f ines  e f f i c i e n c y .  On t h e  o t h e r  hand, it i s  a  s u r p r i s e  t o  most people t h a t  
cow TDN consumption does n o t  c o n t r o l  a  s i m i l a r  amount of v a r i a t i o n ,  s i n c e  i t  
makes up a  l a r g e  p a r t  of t h e  numerator of t h a t  r a t i o .  This  can be expla ined  by 
no t ing  t h a t  each  i n c r e a s e  of one pound i n  weaning weight  w i l l  always improve 
e f i c i e n c y ,  wh i l e  each i n c r e a s e  of one pound of cow TDN w i l l  only improve 
e f f i c i e n c y  i f  t h e  cow uses  it t o  wean a  heav ie r  c a l f  bu t ,  i f  she  does n o t ,  it 
w i l l  reduce e f f i c i e n c y .  Thus, cow TDN i n t a k e  i s  not  a  good i n d i c a t o r  of h e r  
e f f i c i e n c y  and it i s  no t  a  good i n d i c a t o r  of h e r  c o n t r i b u t i o n  t o  n e t  r e t u r n  t o  
t h e  e n t e r p r i s e .  An example may he lp  c l a r i f y  t h i s .  The h ighes t  cow TDN 
consumption i n  experiment 2  was 7181 l b  and most people would expect  t h i s  cow t o  
be  i n e f f i c i e n t .  But t h i s  cow was average f o r  e f f i c i e n c y  (13.8 l b  of TDN p e r  
pound of weaning weight ) .  That means nea r ly  h a l f  of t h e  199 cows were l e s s  
. . e f f i c i e n t  than t h i s  h igh  energy consuming cow. Since e f f i c i e n c y  is  a  r a t i o ,  one 
needs t o  cons ider  t h e  e x t r a  pounds of weaning weight t h i s  cow provided t h e  herd 
and ba lance  t h i s  w i t h  weaning c a l f  p r i c e  r e l a t i v e  t o  c o s t  p e r  pound of cow TDN. 
That is ,  h e r  71 81 l b  of TDN produced 520 l b  of c a l f .  Since cow TDN i s  usua l ly  
r e l a t i v e l y  cheap compared t o  c a l f  weaning p r i c e ,  t h i s  cow would have an advantage 
over  a  cow of equal  e f f i c i e n c y  t h a t  consumed l e s s  TDN j u s t  a s  depos i t i ng  more 
money a t  a  given i n t e r e s t  r a t e  w i l l  r e t u r n  more d o l l a r s  than  a  s m a l l e r  
investment.  Of course,  no t  a l l  high TDN cows w i l l  be  t h i s  e f f i c i e n t .  I n  f a c t ,  
t h e  1% repor t ed  above i n d i c a t e s  no accuracy f o r  p r e d i c t i n g  e f f i c i e n c y  from TDN 
consumption. The f i g u r e s  j u s t  p resented  'do i n d i c a t e  t h e  need t o  e v a l u a t e  cows 
no t  only on t h e i r  i nd iv idua l  e f f i c i e n c y  b u t  a l s o  on t h e  b a s i s  of weaning weight  
produced and c o s t s  of production. P r e d i c t i o n  equat ions  based on weaning weight  
of c a l f  and weight of cow a t  weaning which have been presented  previous ly  a r e  
s t i l l  t h e  most a c c u r a t e  method of p r e d i c t i n g  cow e f f i c i e n c y  now a v a i l a b l e .  
However, t h e s e  r e q u i r e  t h a t  t h e  cow wean a  c a l f  b e f o r e  we can p r e d i c t  h e r  
e f f i c i e n c y .  What i s  needed i s  a  method of p r e d i c t i o n  t h a t  i s  a c c u r a t e  a t  weaning 
o r  y e a r l i n g  ages when most h e i f e r s  a r e  s e l e c t e d  f o r  t h e  herd. 
Cow s i z e  a f f e c t e d  e f f i c i e n c y  more i n  experiment 2  (10%) than  it d i d  i n  
experiment 1 1 % .  This  may be  due t o  age  of cow d i f f e r e n c e s ,  s i n c e  a l l  cows i n  
experiment 2  were 2  y e a r s  o ld ,  wh i l e  experiment 1 was conducted f o r  t h e  cows' 
l i f e t i m e .  This  might be expected s i n c e  two-year-old h e i f e r s  would have t h e  e x t r a  
energy requirement f o r  growth i n  a d d i t i o n  t o  t h e  requirement f o r  l a c t a t i o n .  
Postweaninq. Complete ca rcas s  d a t a  were c o l l e c t e d  on 169 of t h e  ca lves  
which were weaned. Table 3  con ta ins  t h e  l i v e  animal postweaning d a t a  and t a b l e  4  
t h e  c a r c a s s  da ta .  I n  both  cases ,  t h e  primary breed group d i f f e r e n c e s  were due t o  
d i f f e r e n c e s  i n  r a t e  of growth preweaning and t o  d i f f e r e n c e s  i n  cow e f f i c i e n c y  a t  
weaning. There a r e  d i f f e r e n c e s  i n  s l a u g h t e r  weight and s l a u g h t e r  weight 
e f f i c i e n c y  where TDN consumption of t h e  cow was included,  b u t  no d i f f e r e n c e s  i n  
e f f i c i e n c y  of growth of t h e  c a l f  postweaning ( t a b l e  3)  . Likewise f o r  c a r c a s s  
t r a i t s  ( t a b l e  41, t h e r e  were breed group d i f f e r e n c e s  f o r  c a r c a s s  weight ,  c a r c a s s  
weight pe r  day of age, weight of r e t a i l  c u t  y i e l d ,  r e t a i l  c u t  e f f i c i e n c y  w i t h  cow 
and c a l f  TDN included and weight of f a t  trim. I n  a d d i t i o n ,  t h e r e  were 
s i g n i f i c a n t  bu t  hard ly  p r a c t i c a l  d i f f e r e n c e s  i n  f a t  thickness .  
An important  cons ide ra t ion  i n  eva lua t ing  these  d i f f e r e n c e s  i s  t h e  p ropor t ion  
of t h e  base  breed (Hereford) r e l a t i v e  t o  t h e  introduced breed. Since t h e  
s l a u g h t e r  ca lves  were s i r e d  by Longhorn b u l l s ,  t h e  p ropor t ion  of introduced blood 
(Angus, Simmental o r  Ta ren ta i se )  i n  t h e  breed groups would be  a  mix of 1 / 8  and 
5/16 f o r  Angus and Simmental c ros ses  and 1 / 8  f o r  Tarenta i se .  This  r e l a t i v e l y  low 
percentage  of introduced blood does in f luence  t h e s e  product ion  t r a i t s .  These 
d i f f e r e n c e s  do n o t  r e f l e c t  d i f f e r e n c e s  due t o  s i r e  o r  b r eed  of s i r e ,  s i n c e  t h e s e  
were  minimized i n  t h e  de s ign  i n  o r d e r  t o  b e t t e r  s t udy  i n d i v i d u a l  cow d i f f e r e n c e s .  
I n  a d d i t i o n ,  postweaning cow e f f i c i e n c y  would b e  impor tan t  on ly  t o  t h e  cow-calf 
p roducer  who f e e d s  h i s  own c a l v e s  and n o t  t o  t h e  f e e d e r  who buys c a l v e s .  
The use  of p i n p o i n t e r  f e e d e r s  pe rmi t t ed  s l a u g h t e r  of t h e  c a l v e s  a t  t h e  t ime  
each  i n d i v i d u a l ' s  g a i n  and e f f i c i e n c y  of g a i n  s t a r t e d  t o  d e c l i n e .  Th is  i s  
commonly termed a  p h y s i o l o g i c a l  o r  chemical end p o i n t ,  i n d i c a t i n g  a c o n s t a n t  f a t  
t o  l e a n  composit ion.  The l a c k  of d i f f e r e n c e s  i n  q u a l i t y  g rade  and c u t a b i l i t y  and 
t h e  f a c t o r s  a f f e c t i n g  them i n d i c a t e  t h a t  t h i s  end p o i n t  w a s  ach ieved  i n  t h i s  
experiment.  The i n d i c a t i o n  of  d i f f e r e n c e s  i n  r e t a i l  c u t  y i e l d  and f a t  t r i m  a t  
t h i s  end p o i n t  a r e  p a r t i a l l y  r e s p o n s i b l e  f o r  t h e  change i n  p r i c e  pa id  by packer  
and f e e d e r  f o r  s l a u g h t e r  and f e e d e r  c a t t l e ,  r e s p e c t i v e l y ,  i n  r e c e n t  y e a r s .  The 
o t h e r  major  f a c t o r  invo lved  has  been t hose  c a t t l e  f ed  p a s t  t h e  chemical end p o i n t  
which r e s u l t e d  i n  h i g h e r  p r o p o r t i o n s  of number 4 y i e l d  grade.  That  i s ,  t h e  
f a s t e r  growing, l e a n e r  c a l v e s  have produced more pounds of l e a n  beef f o r  t h e  
packer  and provided more s a l a b l e  pounds f o r  t h e  f e e d e r  w i t h  l e s s  r i s k  of number 4 
y i e l d  g rade  d i s coun t s .  
TABLE 1. COW EFFICIENCY BY BREED GROUP 
FOR EXPERIMENT 1 
Breed Number of 
of dam progeny E f f i c i e n c y a  
Angus 
Ang x  Cha 
Cha x  Ang 
Cha ro l a i s  
a Cow and c a l f  TDN d iv ided  by weaning weight .  
TABLE 2.  COW EFFICIENCY BY BREED GROUP 
FOR EXPERIMENT 2 
Breed Number of 
of dam progeny E f f i c i e n c y a  
Her 
Sim x Her 
Ang x  Her 
T a r  x  Her 
a Cow and c a l f  TDN d iv ided  by weaning weigh t .  
b*c ,d  Averages w i t h  one l e t t e r  common a r e  n o t  
d i f f e r e n t  (P>.05).  
TABLE 3 .  LEAST-SQUARES MEANS FOR PRESEAUGHTER POSTWEANING TRAITS 
Postweaning 
Cow and c a l f  c a l f  TBN/ 
No. of Days on S laughter  TDNIslaughter Postweaning postweaning 
Item progeny feed  w t .  l b  w t .  l b / l b  ga in .  l b  gain.  I b / l b  
Breed group 
Her 2 1 2 41 865b 9.79ab 47 7 5.64 
Sim x H e r  59  2 43 925a 9.82b 46 9 5.84 
Ang x Her 6 3 2 41 8 82b 9.822, 46 9 5 -72 
Tar  x Her 2 6 252 894b 9.47a 45 5 5.98 
Sex 
S t e e r  86 2 47 961a 9.21a 5 %2a 5.69 
H e i f e r  83 2 41 821b 10.24b 423b 5.90 
a.b Averages w i t h  one l e t t e r  common a r e  no t  d i f f e r e n t  (P>.05) .  
TABLE 4. LEAST-SQUARES MEANS FOR CARCASS TRAITS 
Carcass  F a t  Longiss i -  Re t a i l  Cow-cal f 
- 
wt/day th ick-  rnus Q u a l i t y  Cuta- c u t  m ~ / r e t a i l  F a t  
No. of Carcass  of age. ness .  a rea .  gradea,  b i l i t y ,  y i e l d .  c u t  y i e l d .  t r i m .  
Item progeny w t ,  l b  l b /day  i n .  sq.  i n .  s c o r e  %b l b  l b / l b  l b  
Her 21 543e 
SimxHer 59 582c 
AngxHer 63 552de 
TarxHer 26 563d 
Cn 
\O 
S t e e r  86 601C 
H e i f e r  83 510d 
Breed Group 
1.27cd .37C 9.9 18.8 50.77 325d 25.90cd 60c 
1.31C .34C 10.5 18.9 50.66 348C 26.03d 65d 
1.23d .3gd 10.2 19.1 50.64 328d 26.40d 6 4d 
1.25cd .3 2C 10.5 18.8 50.99 341C 24.74C 63cd 
Sex 
1.35C .35 10.5C 18.9 50.74 363C 24.36C 66d 
1.17d .36 10 . l d  18.9 50.80 308d 27.18d 60C 
a Score of 19 = l o w  cho i ce  USDA grade.  
b USDA y i e l d  g rade  formula. 
c.d.e Averages w i t h  one l e t t e r  common do n o t  d i f f e r  (P> .05) .  
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Use of a r t i f i c i a l  inseminat ion  permi ts  some b u l l s  t o  have o f f s p r i n g  
eva lua ted  i n  more than  one herd. Such b u l l s  s e rve  a s  benchmarks f o r  comparison 
o r  l i n k s  between herds.  For some breeds,  s u f f i c i e n t  l i n k s  e x i s t  between herds  
t h a t  c u r r e n t  technology may provide v a l i d  g e n e t i c  comparisons between c a t t l e  from 
d i f f e r e n t  herds ,  a s  w e l l  a s  within-herd comparisons. The c u r r e n t  i ndus t ry  
s tandard  express ion  f o r  r epo r t ing  r e l a t i v e  g e n e t i c  mer i t  of beef c a t t l e  i n  
n a t i o n a l  eva lua t ions  i s  expected progeny d i f f e r e n c e  (EPD). The EPD f o r  a s i r e  
r e p r e s e n t s  t h e  expected d i f f e r e n c e  i n  performance of a s i r e l s  o f f s p r i n g  when 
compared t o  t h e  average o f f s p r i n g  performance of a l l  s i r e s  evaluated.  A 
corresponding accuracy va lue ,  r e f l e c t i n g  t h e  amount of in format ion  (pedigree  
performance, i nd iv idua l  performance, o f f s p r i n g  performance, e t c . )  on which t h e  
EPD va lue  i s  based, is  gene ra l ly  repor ted  w i t h  each EPD value .  Expected progeny 
d i f f e r e n c e  va lues  can be c a l c u l a t e d  no t  only f o r  b u l l s  l i s t e d  i n  s i r e  summaries, 
bu t  a l s o  f o r  cows, young b u l l s  and even planned matings. EPDs f o r  nonparents  
g e n e r a l l y  have low accuracy va lues  compared t o  EPDs f o r  parents .  
(Key Words: C a t t l e  Evaluat ion,  Expected Progeny Dif fe rence . )  
In t roduc t ion  
Major developments have occurred during t h e  p a s t  one and one-half decades i n  
g e n e t i c  eva lua t ion  of beef c a t t l e .  Use of a r t i f i c i a l  inseminat ion,  improved 
s t a t i s t i c a l  ana lyses  and more powerful computers allow comparisons of animals 
a c r o s s  herds.  
The f i r s t  n a t i o n a l  beef s i r e  summary i n  t h e  U.S. was publ ished by t h e  
American Simmental Assoc ia t ion  i n  1971 and included 13 b u l l s .  Current n a t i o n a l  
s i r e  summaries f o r  some breeds inc lude  eva lua t ions  of hundreds of b u l l s .  I n  
f a c t ,  t h e  ana lyses  used by some breed a s s o c i a t i o n s  t o  compute n a t i o n a l  s i r e  
summary d a t a  can y i e l d  p red ic t ed  g e n e t i c  va lues  f o r  every r e g i s t e r e d  animal i n  
t h e  breed w i t h  a s u f f i c i e n t  record. 
More performance informat ion  on beef seeds tock  i s  a v a i l a b l e  today than  a t  
anytime i n  h i s t o r y .  To make e f f i c i e n t  use of t h i s  resource,  producers must know 
what in format ion  is  a v a i l a b l e  and how t o  i n t e r p r e t  it. 
Across-Herd Evalua t ion  
Environmental v s  Genet ic  Inf luence  on Performance. An i n d i v i d u a l l s  
performance is  detezned by i t s  g e n e t i c  and t h e  environment t o  which 
t h e  i n d i v i d u a l  i s  exposed. Di f fe rences  i n  performance among animals may be  due 
t o  bo th  g e n e t i c  and environmental  d i f f e r e n c e s .  For example, s u p e r i o r i t y  i n  
performance of a g iven  animal may be  due t o  g r e a t e r  g e n e t i c  p o t e n t i a l ,  more 
f a v o r a b l e  t r e a tmen t  (such a s  feed ing ,  c a r e ,  growth imp lan t s ,  e t c . )  o r  bo th .  
Our i n t e n t  a s  l i v e s t o c k  b r eede r s  should b e  t o  make s e l e c t i o n  d e c i s i o n s  based 
on g e n e t i c  d i f f e r e n c e s  among animals .  Our a b i l i t y  t o  do s o  i s  h indered  t o  t h e  
e x t e n t  t h a t  g e n e t i c  d i f f e r e n c e s  among animals  a r e  masked by environmental  
d i f f e r e n c e s .  Hence, ou r  a b i l i t y  t o  compare animals  from d i f f e r e n t  he rd s  f a i r l y  
i s  l i m i t e d .  
Cen t r a l  t e s t  s t a t i o n s  were  dev ised  a s  one means t o  a l low performance 
comparisons among an imals  from d i f f e r e n t  herds .  However, t h e  performance of 
an imals  i n  a c e n t r a l  t e s t  may b e  a f f e c t e d  by p r e t e s t  environmental  f a c t o r s  and a 
consignment o f t e n  r e p r e s e n t s  a s e l e c t e d  sample: The e x t e n t  t o  which such  f a c t o r s  
a f f e c t  rank ings  of an imals  from d i f f e r e n t  he rd s  a t  t h e  c e n t r a l  t e s t  i s  d i f f i c u l t ,  
i f  n o t  imposs ib le ,  t o  a s c e r t a i n .  
Gene t i c  L inks  Between Herds. The r e f e r e n c e  sire concep t  has  been u t i l i z e d  
by s e v e r a l  b r eed  a s s o c i a t i o n s  a s  a method t o  compare an imals  from d i f f e r e n t  
he rds .  Through a r t i f i c i a l  insemina t ion ,  a s i n g l e  b u l l  can be  mated t o  a p o r t i o n  
of  t h e  cows i n  d i f f e r e n t  he rds .  Performance of  o f f s p r i n g  of such  a b u l l  ( t h e  
r e f e r e n c e  s i r e )  i s  compared t o  o f f s p r i n g  performance of  o t h e r  sires used i n  t h e  
herd.  Then, b u l l s  from d i f f e r e n t  he rds  can b e  compared by e v a l u a t i n g  t h e  
performance of  t h e i r  o f f s p r i n g  r e l a t i v e  t o  t h e  performance of  c a l v e s  s i r e d  by t h e  
r e f e r e n c e  b u l l .  A r e f e r e n c e  sire p rov ide s  a b a s i s  f o r  comparisons from he rd  t o  
herd.  I t  i s  impor tan t  t h a t  b u l l s  are mated t o  a random sample of cows w i t h i n  
each  herd.  
The r e f e r e n c e  s i re  concept  i s  i l l u s t r a t e d  w i t h  an example i n  t a b l e  1. 
Assume t h a t  B u l l  A i s  a r e f e r e n c e  s i r e  w i t h  c a l v e s  s i r e d  i n  two d i f f e r e n t  he rds .  
The s u p e r i o r  weaning weight  performance of c a l v e s  from B u l l  A i n  Herd 2 i n d i c a t e s  
a b e t t e r  environment o r  perhaps  s u p e r i o r  cows ( o r  bo th )  compared t o  Herd 1. 
Among t h e  o t h e r  f o u r  b u l l s ,  c a l v e s  of B u l l  D had t h e  h i g h e s t  average  weaning 
weight .  However, c l o s e  i n s p e c t i o n  r e v e a l s  t h a t  r e l a t i v e  t o  progeny of t h e  
r e f e r e n c e  sire, o f f s p r i n g  of  B u l l  B e x h i b i t e d  b e t t e r  performance t han  o f f s p r i n g  
of  B u l l  D ,  fo l lowed by o f f s p r i n g  of B u l l  E and B u l l  C, r e s p e c t i v e l y .  
I n  o r d e r  t o  b e  de s igna t ed  as a r e f e r e n c e  sire, a b u l l  must have a l a r g e  
number of progeny (100-500) i n  many d i f f e r e n t  he rd s  (10-50) i n  which s e v e r a l  
o t h e r  r e f e r e n c e  sires (5-10) a r e  a l s o  represen ted .  
Today's n a t i o n a l  s i r e  summaries u t i l i z e  two t ypes  of l i n k s  between he rd s :  
1 )  b u l l s  w i t h  progeny i n  two o r  more he rd s  and 2) g e n e t i c  r e l a t i o n s h i p s  between 
animals .  For  b r eeds  i n  which u s e  o f  a r t i f i c i a l  i n semina t i on  is  s u f f i c i e n t l y  
widespread,  enough l i n k s  e x i s t  between he rd s  t h a t  d e s i g n a t i o n  o f  r e f e r e n c e  s i r e s  
is  n o t  necessa ry .  T h e o r e t i c a l l y ,  t h e s e  l i n k s  a l low comparisons among v i r t u a l l y  
a l l  an imals  i n  a b r eed  w i t h  a p p r o p r i a t e  performance records .  
I n t e r p r e t i n g  Expected Progeny D i f f e r ence  (EPD) 
and Accuracy Values 
EPD o r  EBV. For s e v e r a l  y e a r s ,  some beef  c a t t l e  b r e e d s  have r e p o r t e d  
- - -
g e n e t i c  v a l u e s  f o r  b u l l s  i n  terms of e s t ima t ed  b r eed ing  v a l u e s  (EBVs) and 
expec ted  progeny d i f f e r e n c e  (EPD) v a l u e s  i n  n a t i o n a l  s i r e  summaries. Breeding 
value  r e f l e c t s  the  va lue  of an indiv idual  a s  a  parent .  Expected progeny 
d i f f e rence  i s  defined as  h a l f  t h e  breeding va lue ,  taking i n t o  account the  f a c t  
t h a t  only a  sample h a l f  of an animal 's  genes a r e  t ransmi t ted  t o  the  o f f sp r ing .  
Expected progeny d i f f e rence  va lues  appear t o  be the cu r ren t  express ion  of choice 
t o  r epor t  es t imated  gene t i c  meri t  i n  n a t i o n a l  beef c a t t l e  evalua t ions .  
An EPD value  i s  a p red ic t ion  of how wel l  an animal 's  f u t u r e  o f f sp r ing  w i l l  
perform r e l a t i v e  t o  o the r  animals i n  the  evaluat ion.  An EPD value  may be 
ca lcu la t ed  f o r  each of s e v e r a l  t r a i t s  ( b i r t h  weight, weaning weight,  y e a r l i n g  
weight,  daughter ' s  milking a b i l i t y ,  e t c . )  f o r  a  given animal. Expected progeny 
d i f f e rence  va lues  a r e  genera l ly  expressed as dev ia t ions  i n  t h e  a c t u a l  u n i t s  i n  
which t h e  t r a i t  was measured (pounds, inches, e t c . ) .  
One way t o  i n t e r p r e t  EPD values is t o  th ink  i n  terms of d i f f e rences .  
Suppose, f o r  example, t h a t  Bu l l  A and Bu l l  B have weaning weight EPD values  of 
-10 and +10 l b ,  respect ive ly .  The expecta t ion  i s  t h a t  ca lves  from Bul l  B would 
average 20 l b  heavier  a t  weaning than calves from Bul l  A, assuming the  b u l l s  a r e  
mated t o  cows of s i m i l a r  gene t i c  mer i t  and ca lves  a r e  r a i sed  under s i m i l a r  
environmental condit ions.  
An EPD value  is genera l ly  accompanied by a corresponding accuracy value.  
The accuracy va lue  i n d i c a t e s  the  degree of c e r t a i n t y  one should have t h a t  the  EPD 
va lue  r e f l e c t s  t h e  t r u e  gene t i c  value.  Accuracy values ca lcu la t ed  according t o  
Beef Improvement Federat ion guidel ines  range between zero  and one. 
An EPD value  f o r  an animal wi th  few o r  no o f f sp r ing  w i l l  have a r e l a t i v e l y  
low accuracy va lue ,  whereas an EPD f o r  a  b u l l  w i th  many progeny records w i l l  have 
a r e l a t i v e l y  high accuracy value.  To l i m i t  r i s k ,  breeders  may wish t o  l i m i t  t h e  
number of cows mated t o  a  b u l l  whose EPDs have low accuracy values.  
Consider the  example presented i n  t a b l e  2. For s impl i f i ca t ion ,  only t h e  
t r a i t s  of b i r t h  weight,  weaning weight and y e a r l i n g  weight a r e  included. 
I f  ca lv ing  d i f f i c u l t y  i s  a p o t e n t i a l  concern and s i n c e  b i r t h  weight and 
ca lv ing  d i f f i c u l t y  a r e  p o s i t i v e l y  co r re l a t ed ,  then use of Bu l l  A should be 
considered, a1  though some growth p o t e n t i a l  would be s a c r i f i c e d .  Bul l  B appears 
t o  have the  most p o t e n t i a l  f o r  s i r i n g  ca lves  w i t h  high growth r a t e ,  a l though t h e  
accuracy f i g u r e s  a r e  low compared t o  Bu l l  C. Bul l  C has moderate p o t e n t i a l  f o r  
passing on growth r a t e ,  and the  high accuracy va lues  g ive  the  breeder  more 
confidence t h a t  the EPD va lues  r e f l e c t  the  b u l l ' s  t r u e  breeding value.  
When a d d i t i o n a l  o f f sp r ing  a r e  evaluated, t h e  EPD va lues  of Bu l l  B a r e  l i k e l y  
t o  change more than those of the  o the r  two b u l l s .  However, one doesn ' t  know 
whether changes w i l l  be favorable  o r  unfavorable. Assuming b i r t h  weight was not  
a  cons idera t ion ,  a  reasonable approach would be t o  mate some cows t o  Bu l l  B and 
some t o  Bu l l  C. 
A Note on Accuracy Values. Considerable v a r i a t i o n  i n  performance among 
- - -  
of f sp r ing  of a  given parent  i s  common, regardless  of the  EPD o r  accuracy va lues .  
The EPD value  p r e d i c t s  t h e  average performance of f u t u r e  o f f sp r ing .  The accuracy 
va lue  r e f l e c t s  t h e  confidence one should have t h a t  the  predic ted  average c l o s e l y  
e s t ima tes  t h e  p a r e n t ' s  t r u e  t r ansmi t t ing  a b i l i t y .  Neither  va lue  i n d i c a t e s  t h e  
magnitude of expected range i n  performance of f u t u r e  of fspr ing .  
Milk v s  Maternal  EPD. Some n a t i o n a l  c a t t l e  e v a l u a t i o n s  i n c l u d e  EPD v a l u e s  
- -  -
f o r  milk ,  o t h e r s  l i s t  EPD v a l u e s  f o r  mate rna l  a b i l i t y  and some i n c l u d e  EPD v a l u e s  
f o r  bo th .  An i n d i v i d u a l ' s  EPD f o r  mi lk  r e f l e c t s  t h e  a b i l i t y  of t h a t  i n d i v i d u a l  I s  
d augh t e r s  t o  produce milk ,  expressed  i n  pounds of weaning weigh t .  Maternal  EPD 
r e f l e c t s  a b i l i t y  o f  t h e  i n d i v i d u a l ' s  daughte rs  t o  produce c a l f  weaning weight  
based  on (1) t h e  d i r e c t  g e n e t i c  c o n t r i b u t i o n  f o r  preweaning growth t h a t  t h e  
i n d i v i d u a l  pa s se s  on t o  i t ' s  daughte rs  and (2 )  daugh t e r s '  mi lk ing  a b i l i t y .  
Maternal  EPD i s  c a l c u l a t e d  a s :  
Maternal  EPD = Milk EPD + 1 / 2  Weaning Weight EPD 
Sepa ra t i on  of growth and mi lk  components of mate rna l  EPD a l l ows  t h e  b r e e d e r  
t.0 b e  more s p e c i f i c  i n  d i r e c t i n g  s e l e c t i o n  emphasis. Consider  t h e  sample d a t a  i n  
t a b l e  3 .  
Based on mate rna l  EPD, daughte rs  from B u l l  A and B u l l  B a r e  expected t o  
perform s i m i l a r l y  i n  terms of c a l f  weight  weaned. However, t h e  r e a sons  f o r  
a ch i ev ing  t h a t  l e v e l  of expec ted  performance a r e  d i f f e r e n t  f o r  t h e  two b u l l s .  
B u l l  A w i l l  t r a n s m i t  poor  t o  moderate g e n e t i c  p o t e n t i a l  f o r  preweaning growth. 
. b u t  h i s  daugh t e r s  should  b e  r e l a t i v e l y  heavy mi lkers .  B u l l  B w i l l  p a s s  on good 
g e n e t i c  p o t e n t i a l  f o r  preweaning growth, b u t  h i s  daugh t e r s  a r e  expected t o  
produce less mi lk  t han  daugh t e r s  of B u l l  A. 
El imina t i ng  - Bias .  One p a s t  c r i t i c i s m  of s i r e  summaries h a s  been t h a t  b u l l s  
mated t o  above average  cows have an  u n f a i r  advantage ove r  b u l l s  mated t o  cows of 
l e s s e r  g e n e t i c  p o t e n t i a l .  S t a t i s t i c a l  procedures  n a s  used i n  some s i r e  summary 
ana ly se s  i n c l u d e  dam e f f e c t s .  Adjus t ing  f o r  dam e f f e c t s  removes much of t h e  b i a s  
i n  e v a l u a t i o n  of  sires caused by nonrandom mating.  The EPD v a l u e  f o r  y e a r l i n g  
weigh t ,  f o r  example, is  a d j u s t e d  downward f o r  a  b u l l  t h a t  was mated t o  s u p e r i o r  
COWS. 
One techn ique  r e c e n t l y  employed i n  some n a t i o n a l  beef  c a t t l e  e v a l u a t i o n  
a n a l y s e s  i s  m u l t i p l e  t r a i t  a n a l y s i s ,  i n  which two o r  more t r a i t s  a r e  eva lua t ed  
s imul taneous ly .  Among o t h e r  t h i n g s ,  t h i s  p rocedure  removes some of  t h e  b i a s  due 
t o  s e l e c t i o n .  
For  example, cons ide r  a  b u l l  whose poor c a l v e s  a r e  c u l l e d  a t  weaning, b u t  
h i s  b e t t e r  c a l v e s  a r e  k e p t  and eva lua t ed  f o r  y e a r l i n g  weigh t .  More progeny 
weaning weight  r e co rds  a s  compared t o  y e a r l i n g  weight  r e co rds  f o r  t h e  b u l l  a r e  
s e n t  t o  t h e  b r eed  a s s o c i a t i o n ,  and t h e  b u l l ' s  y e a r l i n g  weigh t  EPD t e n d s  t o  b e  
b i a s e d  upward. Mu l t i p l e  t r a i t  e v a l u a t i o n  removes some of  t h i s  b i a s  by i n c l u d i n g  
weaning weigh t  i n fo rma t ion  i n  c a l c u l a t i o n  of t h e  y e a r l i n g  weight  EPD. 
More Terminology. Es t imated  b r eed ing  v a l u e s  and EPD v a l u e s  f o r  b u l l s  w i t h  
-
r e co rds  on a s u f f i c i e n t  number of o f f s p r i n g  have been pub l i shed  by some b r eed  
a s s o c i a t i o n s  f o r  s e v e r a l  y e a r s  i n  n a t i o n a l  s i r e  summaries. Performance of a  
b u l l ' s  r e l a t i v e s  (cows, c a l v e s ,  e t c . )  may a l s o  b e  inc luded  i n  t h e  e v a l u a t i o n  by 
t a k i n g  g e n e t i c  r e l a t i o n s h i p s  i n t o  account .  Since t h e  so - ca l l ed  "animal model" 
y i e l d s  g e n e t i c  v a l u e s  f o r  a l l  an imals  f o r  which a p p r o p r i a t e  r e co rds  were  
r e p o r t e d ,  t h e  exp re s s ion  " n a t i o n a l  c a t t l e  eva lua t i on"  is  sometimes more 
a p p r o p r i a t e  t han  "na t i ona l  s i r e  eva lua t ion" .  
Use & Commercial Producers .  Commercial p roducers  should become acqua in t ed  
-
w i t h  EPD terminology s i n c e  performance d a t a  a v a i l a b l e  a t  b u l l  s a l e s  might i n c l u d e  
EPD va lues .  Since commercial producers  o f t e n  purchase sons of b u l l s  l i s t e d  i n  
n a t i o n a l  s i re  summaries, it i s  u s e f u l  t o  be  f a m i l i a r  w i t h  sire summary da ta .  
Also, producers  u s ing  a r t i f i c i a l  insemina t ion  can purchase semen from a number of 
b u l l s  w i t h  EPD information.  
Conclusion 
U s e  of expected progeny d i f f e r e n c e  va lues  a s  a  means of exp re s s ing  r e l a t i v e  
g e n e t i c  merit w i l l  l i k e l y  cont inue  t o  i n c r e a s e  a s  a  supplement o r  a l t e r n a t i v e  t o  
within-herd r a t i o s .  For breeds i n  which l i n k s  between herds  a r e  s u f f i c i e n t ,  EPD 
va lues  a r e  comparable a c r o s s  herds  w i t h i n  a  breed. F a m i l i a r i t y  w i t h  t h e s e  
concepts  w i l l  a i d  producers  t o  use t h e  b e s t  in format ion  a v a i l a b l e  on which t o  
base  t h e i r  s e l e c t i o n  dec i s ions .  
TABLE 1 .  ILLUSTRATION OF REFERENCE S I R E  CONCEPT 
A v e r a g e  
No. a d j u s t e d  % of 
calves w e a n i n g  w t  B u l l  A 
H e r d  1 
B u l l  A ( ~ e f e r e n c e )  15 510 100.0 
B u l l  B 12 4 80 94.1 
B u l l  C 18 440 86.3 
H e r d  2 
B u l l  A ( R e f e r e n c e )  12 5 40 100.0 
B u l l  D 15 490 90.7 
B u l l  E 1 2  4 80 88.9 
TABLE 2 .  EXPECTED PROGENY DIFFERENCE AND ACCURACY VALUES 
FOR GROWTH TRAITS 
B i r t h  w t  Weaning w t  Y e a r l i n g  w t  
B u l l  EPD ACC EPD ACC E PD AC C 
TABLE 3 .  EXPECTElD PROGENY DIFFERENCE AND ACCURACY VALUES FOR 
WEANING WEIGHT AND MATERNAL TRAITS 
M a t e r n a l  
Weaning w t  M i l k  w e a n i n g  w t  
B u l l  EPD ACC EPD ACC EPD ACC 
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Four hundred s t e e r  c a l v e s  were used t o  de te rmine  t h e  e f f e c t  of  
p r e c o n d i t i o n i n g  on performance and h e a l t h  of c a l v e s  f e d  e i t h e r  a h i g h  o r  low 
energy d i e t .  I n  each  of 2 yea r s .  200 s t e e r  c a l v e s  were  s e l e c t e d  from f o u r  
western South Dakota ranches  t o  p a r t i c i p a t e  i n  t h e  s tudy .  P r econd i t i oned  (PC) 
c a l v e s  w e r e  t r e a t e d  accord ing  t o  t h e  South Dakota Beef C a t t l e  Improvement 
Assoc i a t i on  and Cooperat ive  Extens ion  S e r v i c e ' s  g u i d e l i n e s  f o r  t h e  "Green Tag" 
program. P recond i t i on ing  and imp lan t i ng  w i t h  z e r a n o l  produced a h e a v i e r  c a l f  a t  
market t ime. No d i f f e r e n c e  i n  weigh t  l o s s  du r ing  t r a n s i t  w a s  no ted  between t h e  
PC and c o n t r o l  t r e a t m e n t s  (CO). b u t  implanted c a l v e s  l o s t  more weight  t han  t h o s e  
n o t  implanted (5.51 v s  4.92%). Precondi t ioned  c a l v e s  ga ined  f a s t e r  (3.04 v s  
2.68 lb /head /day)  and consumed more d ry  m a t t e r  (13.94 v s  11.98 lb/head/day)  t h e  
f i r s t  28 days  i n  t h e  f e e d l o t  t han  CO. Implanted c a l v e s  had improved average  
d a i l y  g a i n  (ADG) (2.27 v s  1.98 lb/head/day)  and f eed  e f f i c i e n c y  (F/G; 5.76 v s  
6.55) ove r  nonimplanted c a l v e s  dur ing  t h i s  t ime.  By complet ion of t h e  f e ed ing  
pe r i od .  CO c a l v e s  were more e f f i c i e n t .  Feeding a h i g h  energy d i e t  (HE 60% 
c o n c e n t r a t e )  r e s u l t e d  i n  i n c r e a s e d  dry  matter i n t a k e  (DMI; 13.84 v s  
12.09 lb /head /day)  and F/G (5.18 v s  4.62) du r ing  t h e  i n i t i a l  28 days  and improved 
ADG (3.16 v s  2.94 lb/head/day)  and F/G (6.15 v s  6.53) o v e r a l l  compared t o  c a l v e s  
f e d  t h e  low energy d i e t  (LE). 
(Key Words: Feeder  S t e e r s ,  P r econd i t i on ing ,  Performance, Heal th .  Energy Leve l ,  
Implant ing.)  
I n t r o d u c t i o n  
P recond i t i on ing  cou ld  b e  d e f i n e d  as an a l t e r n a t i v e  management p r a c t i c e  of 
r a i s i n g  beef  c a l v e s  which b e t t e r  p r epa re s  t h e  c a l f  t o  w i t h s t a n d  t h e  s t r e s s e s  
a s s o c i a t e d  w i t h  market ing.  The South Dakota p r econd i t i on ing  program i n c l u d e s  t h e  
c a l f  be ing  weaned. a d j u s t e d  t o  f e e d  and water t roughs  f o r  a t  l e a s t  30  days  b e f o r e  
s a l e .  c a s t r a t e d ,  dehorned and hea led ,  v a c c i n a t e d  f o r  I B R ,  BVD, PI3 and 7-way 
c l o s t r i d i a  and t r e a t e d  f o r  p a r a s i t e s .  q 
Advantages t o  t h i s  program a r e  r e p o r t e d  as h e a v i e r  c a l v e s  a t  sale t ime,  
r e d u c t i o n  of  t r a n s i t  s h r i n k ,  r educ t i on  i n  f e e d l o t  s i c k n e s s  and dea th  and 
improvement of f e e d l o t  performance. Th i s  2-year s t udy  w a s  des igned  t o  de te rmine  
t h e  e f f e c t  of t h e  South Dakota "Green Tag" program on t h e  performance and h e a l t h  
of c a l v e s  pre- and postshipment .  
Experimental  Procedure  
Ranch. I n  e ach  of 2 y e a r s ,  200 s t e e r  c a l v e s ,  averag ing  442 ( y e a r  1 )  and 490 
( y e a r  2) l b ,  were s e l e c t e d  from f o u r  wes t e rn  South Dakota ranches  each  y e a r .  
Annually a t  each  ranch, c a l v e s  were  weighed and 50 head were  i d e n t i f i e d  f o r  use  
i n  t h e  s tudy .  From t h e  50 head s e l e c t e d .  25 head were  randomly a l l o t t e d  t o  b e  
p r econd i t i oned  (PC) and 25 head were  de s igna t ed  c o n t r o l s  (CO) . A l l  c a l v e s  were 
e a r  tagged and PC c a l v e s  were t r e a t e d  f o r  p a r a s i t e s  and v a c c i n a t e d  a g a i n s t  IBR, 
BVD. PI3 and 7-way c l o s t r i d i a .  A t  t h i s  t ime,  dur ing  t h e  second y e a r  of t h e  
s t udy ,  12 head from each  management group from each  ranch were implanted w i t h  
36 mg of z e r a n o l .  Approximately 1 4  days l a t e r ,  a l l  c a l v e s  were weighed. PC 
c a l v e s  were weaned and s t a r t e d  on a commercial r a t i o n 1  p l u s  hay. The CO c a l v e s  
remained w i t h  t h e i r  dams u n t i l .  a l l  c a l v e s  were  shipped 28 t o  30  days  l a t e r  t o  t h e  
Sioux F a l l s  Stockyard.  A l l  c a l v e s  a r r i v e d  a t  t h e  s t ockya rds  on t h e  same day and 
were  s o r t e d  and weighed by ranch  and t r e a tmen t  group. A f t e r  an ove rn igh t  r e s t  
w i t h  f r e e  a c c e s s  t o  f e ed ,  hay and wate r .  c a l v e s  were reweighed b e f o r e  be ing  
sh ipped  t o  t h e  SDSU r e s e a r c h  f e e d l o t  a t  Brookings.  
Feed lo t .  Upon a r r i v a l  a t  t h e  f e e d l o t ,  i n d i v i d u a l  c a l f  we igh t s  w e r e  taken.  
The CO c a l v e s  r e ce ived  t h e  same v a c c i n a t i o n  and p a r a s i t e  t r e a t m e n t s  as p r e v i o u s l y  
admin i s t e r ed  t o  t h e i r  contemporar ies .  Calves were  then  a l l o t t e d  i n t o  pens  of 
e i g h t  head each  by ranch, management group and weight .  During t h e  second y e a r  of 
t h e  s t udy ,  a l l o t m e n t  w a s  a l s o  based  on implant  group. S t e e r s  were t hen  s t a r t e d  
on e i t h e r  a h igh  energy (HE) o r  l o w  energy (LEI r e c e i v i n g  d i e t  ( t a b l e  1 ) .  
I n d i v i d u a l  w e i g h t s  w e r e  t aken  on day 28 when a d i e t  step-up program was 
i n i t i a t e d .  High and l o w  energy d i e t  groups were  con t inued  t o  s l a u g h t e r  t o  
e v a l u a t e  t h e  e f f e c t  of t h e  d i e t s  on t h e  two management groups th rough  t h e  f e e d l o t  
phase.  I n d i v i d u a l  c a l f  we igh ts  were t aken  every 28 days  u n t i l  s l a u g h t e r .  
Average d a i l y  g a i n  (ADG) , dry m a t t e r  i n t a k e  (DM11 and f e e d  e f f i c i e n c y  (F/G) were 
determined f o r  28-day i n t e r v a l s .  To de te rmine  market ing d a t e s  f o r  e ach  pen, an 
average  b a c k f a t  probe of .40 i n c h  as determined by a Cook's probe2. 
Heal th .  During t h e  i n i t i a l  28  days  i n  t h e  f e e d l o t ,  h e a l t h  of a l l  s t e e r s  w a s  
moni tored d a i l y .  A p o i n t  system w a s  used t o  d e s c r i b e  appa ren t  h e a l t h  s t a t u s .  
Th i s  system inc luded  1 p o i n t  f o r  eye  d i s cha rge ,  1 p o i n t  f o r  n a s a l  d i s cha rge ,  1 
p o i n t  f o r  dep re s sed  appearance and 2 p o i n t s  f o r  t empera ture  of 1050 F o r  g r e a t e r .  
Four o r  more p o i n t s  i n  one day c o n s t i t u t e d  morbidi ty .  
R e s u l t s  and Discuss ion  
Ranch. Weight g a i n s  were  s i m i l a r  f o r  CO and PC c a l v e s  du r ing  t h e  i n i t i a l  
1 4  days when a l l  c a l v e s  were  s t i l l  w i t h  t h e i r  dams ( t a b l e  2 ) .  During t h e  n e x t  28 
t o  30 days  a f t e r  PC c a l v e s  had been weaned, PC c a l v e s  ga ined  more (Pc.05) than  CO 
s t e e r s  (2.02 v s  .88 lb /head /day) .  A ranch  x y e a r  and t r e a tmen t  group x y e a r  
i n t e r a c t i o n  e x i s t e d  f o r  i n i t i a l  t o  shipment weigh t  change. S a l e  ADG w a s  h i g h e r  
(Pc.05) f o r  PC than  f o r  CO ca lve s .  S a l e  weight  w a s  30 l b  h e a v i e r  f o r  PC than  f o r  
CO ca lve s .  Implan t ing  c a l v e s  improved (Pc.05) ADG a t  t h e  ranch  ( t a b l e  5 ) .  
l z i p  Feed M i l l s ,  Sioux F a l l s ,  South Dakota. 
2cook1 s Probe,  Cook Laboratory.  Luskn Wyoming. 
Precondi t ion ing  appeared t o  have no e f f e c t  on t r a n s i t  shr ink .  I t  i s  
i n t e r e s t i n g  t o  no te  t h a t ,  a f t e r  t h e  overnight  r e s t  a t  t h e  s tockyard,  PC ca lves  
regained a  p o r t i o n  of t h e i r  sh r ink ;  b u t  i n  t r a n s i t  t o  t h e  f e e d l o t  PC ca lves  
shrunk an a d d i t i o n a l  2.6% ( t a b l e  3 ) .  T r a n s i t  sh r ink  was h ighe r  (P<.10) f o r  t h e  
implanted ca lves  than f o r  those nonimplanted ( t a b l e  5 ) .  
Feedlot .  During t h e  i n i t i a l  28 days, PC s t e e r s  gained more and had h ighe r  
D M 1  than CO ca lves  (3.04 v s  2.68 lb/head/day and 13.94 v s  11.98 lb/head/day,  
r e s p e c t i v e l y ;  t a b l e  4 ) .  S t e e r s  f ed  t h e  HE r ece iv ing  d i e t  had h ighe r  D M 1  and 
poorer  F/G. This  may be due t o  f i l l  caused by d i f f e r e n c e s  i n  f i b e r  conten t  of 
t h e  two d i e t s  more than d i f f e r e n c e s  i n  p r o t e i n  and f a t  depos i t ion .  Implant ing 
proved t o  be b e n e f i c i a l  dur ing  t h e  f i r s t  28 days i n  t h e  f e e d l o t .  Calves 
implanted 40 days be fo re  a r r i v a l  had improved (P<.05) ADG and F/G compared t o  
those  ca lves  no t  implanted ( t a b l e  5 ) .  
Table 6  shows t h e  o v e r a l l  performance from i n i t i a l  t o  f i n a l  f e e d l o t  weight.  
Precondit ioned s t e e r s  gained and consumed s i m i l a r  amounts compared t o  CO s t e e r s ,  
b u t  PC s t e e r s  were found t o  be l e s s  e f f i c i e n t  (P<.01) .  No d i f f e r e n c e  was found 
between t h e  two management groups f o r  days on feed. Feeding t h e  ME d i e t  improved 
g a i n s  and F/G over  LE f e d  ca lves  (3.16 v s  2.94 lb/head/day and 6.15 v s  6.53, 
r e s p e c t i v e l y ) .  This  f a s t e r  ga in  r e s u l t e d  i n  t h e  HE ca lves  being on feed  l e s s  
days than LE ca lves  (226 v s  259). 
Health.  Precondi t ion ing  had no apparent  e f f e c t  on h e a l t h  a s  shown by t h e  
h e a l t h  s co res  i n  t a b l e  7 .  S t e e r s  f ed  t h e  HE r ece iv ing  d i e t  had h ighe r  (P<.05) 
t o t a l  p o i n t s  and more head days of s i ckness  than  t h e  s t e e r s  f ed  LE. Preshipment 
implant ing had no s i g n i f i c a n t  e f f e c t  on t o t a l  h e a l t h  p o i n t s  o r  number of head 
days of s ickness .  
Conclusions 
These d a t a  suggest  t h a t  precondi t ion ing  of beef ca lves  can produce a  heav ie r  
c a l f  f o r  market. Bene f i t s  of precondi t ion ing  cont inue i n t o  t h e  e a r l y  phases of 
t h e  feeding  t r i a l  bu t  diminish by t h e  time c a t t l e  reach s l a u g h t e r  condi t ion .  
Producers should eva lua t e  t h e i r  own s i t u a t i o n  thoroughly be fo re  dec id ing  whether 
t o  i nco rpora t e  a  f u l l  p recondi t ion ing  program, s i n c e  the  program's e f f e c t i v e n e s s  
i s  apparent ly  q u i t e  v a r i a b l e .  Var i a t ion  i n  range cond i t i on ,  v a c c i n a t i o n  and 
weaning t ime,  l e n g t h  of time i n  marketing channels ,  c o s t  of f a c i l i t i e s ,  l a b o r  and 
feed  should be  considered i n  t h e  decision-making process .  
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TABLE 2. EFFECT OF PRECONDITIONING AND RANCH 
ON PRE SHI PMENT WEIGHT CHANGE 
Treatment 
Period ADG, lb/head/day Control Precondit ioned SEM 
I n i t i a l  14  days 
PC weaning t o  shipment 
I n i t i a l  weight t o  shipment 
I n i t i a l  weight t o  s tockyard 
e x i t  weight 
Ranch 
Period ADG, lb/head/day 1 2 3 4 SEM 
I n i t i a l  1 4  days .80 .69 .88 1.04 .09 
PC weaning t o  shipment 1.39 1.40 1.39 1.82 .06 
I n i t i a l  weight t o  shipment 1.17 1.14 1.24 1.71 .04 
I n i t i a l  weight t o  s tockyard 
e x i t  weight .53 .64 .36 1.10 .08 
a,b Means i n  t h e  same row wi th  d i f f e r e n t  s u p e r s c r i p t s  d i f f e r  (P<.05) .  
csd Means i n  t h e  same row wi th  d i f f e r e n t  s u p e r s c r i p t s  d i f f e r  (P<.10).  
TABLE 3.  EFFECT OF PRECONDITIONING AND 
RANCH ON TRANSIT SHRINK 
Treatment 
Shrink, %a  Control Precondit ioned SEM 
Ranch t o  s tockyard  
A f t e r  overn ight  r e s t  
Ranch t o  f e e d l o t  
Ranch 
Shrink, %a 1 2 3 4 SEM 
Ranch t o  s tockyard  
A f t e r  overnight  r e s t  
Ranch t o  f e e d l o t  
a  1 - ( d e s t i n a t i o n  weight + o r i g i n  weight)  x 100. 
TABLE 4. CUMULATIVE 28-DAY FEEDLOT PERFORMANCE 
Treatment D i e t  
High Low 
Item Cont ro l  Precondi t ioned  energy energy SEM 
ADG. I b  2.68a 3.04b 2.90 2.82 .07 
D M I .  l b  11.98a 13.94b 13.84a 12.09b .15 
F/ G 4.79 5 . O 1  5.18a 4.62b .13 
Treatment x d i e t  
Cont ro l  
High Low 
Precondi t ioned  
High Low 
Item energy energy energy energy SEM 
ADG, l b  2.69 2.66 3.11 2.98 .10 
D M I ,  l b  12.90 11.06 14.78 13.11 .21 
F/ G 5.14 4.45 5.23 4.79 .19 
a*b Means i n  t h e  same row w i t h  d i f f e r e n t  s u p e r s c r i p t s  d i f f e r  (P<.01).  
TABLE 5. EFFECT OF IMPLANTING ON PRESHIPMENT WEIGHT 
CHANGE, TRANSIT SHRINK, 28-DAY FEEDLOT 
PERFORMANCE AND HEALTH SCORES 
Ranch 
ADG. l b  1.01b 1.17C .04 
T r a n s i t  s h r i n k a  
% s h r i n k  4.92d 5.51e .26 
Feed lo t  
ADG, l b  1.98b 2.27C .08 
D M I ,  I b  12.94 12.98 .20 
F/G 6.55b 5.76C .21 
T o t a l  p o i n t s  190 162 2.52 
No. head day of s i c k n e s s  9 5 
a 1 - ( d e s t i n a t i o n  weight  t o r i g i n  weigh t )  x 100. 
b * c  Means i n  t h e  same row w i t h  d i f f e r e n t  s u p e r s c r i p t s  d i f f e r  (PC .05) .  
dne Means i n  t h e  same row w i t h  d i f f e r e n t  s u p e r s c r i p t s  d i f f e r  (P<.10).  
TABLE 6. CUMULATIVE FEEDLOT PERFORMANCE 
Treatment D i e t  
High Low 
It em Cont ro l  Precondi t ioned  energy energy SEM 
ADG, l b  3.06 3.03 3.16a 2.94b .03 
D M I ,  l b  19.10 19.48 19.41 19.17 . I 7  
F/G 6.24a 6.44b 6.15a 6.53b .03 
Days on f eed  
243 -75 241 -50  226.00a 259.25b 3.04 
Treatment x d i e t  
Cont ro l  Precondi t ioned  
High Low High Low 
I tem energy energy enerpy energy SEM 
ADG, l b  3 . I6  2.96 3.15 2.91 .04  
D M I .  l b  19.18 19.02 19.64 19.32 .24 
F/G 6.06 6.42 6 .24 6 .64 .05 
Days on f eed  227.67 259.83 224.33 258.67 4.30 
a,b Means i n  t h e  same row w i t h  d i f f e r e n t  s u p e r s c r i p t s  d i f f e r  (P< .01) .  
TABLE 7. INITIAL 28-DAY FEEDLOT HEALTH SCORES 
Treatment D i e t  
High Low 
- 
I tem Cont ro l  Precondi t ioned  energy energy SEM 
T o t a l  p o i n t s  518 49 8 57 6a 440b 1.57 
No. head days of 
s i c k n e s s  9 16  15  1 0  
Treatment x d i e t  
Cont ro l  
High Low 
Precondi t ioned  
High Low 
I tem energy energy energy energy SEM 
T o t a l  p o i n t s  2 80 23 8 296 202 2.22 
No. head day of 
s i c k n e s s  3 6 12  4 
asb Means i n  t h e  same row w i t h  d i f f e r e n t  s u p e r s c r i p t s  d i f f e r  ( ~ < . 0 5 ) .  
TFIE FLY BUSTEIP. A COMBINATION MINERAL FEEDEWSPRAY 
DEVICE FOR THE COIWROL OF THE HORN FLY AND THE 
FACE FLY ON PASnmED CAlTLE 
Emmett R. Easton 
Department 0.f P l a n t  Science 
BEEF REPORT CATTLE 86-15 
A combination minera l  f eede r / sp ray  device was eva lua t ed  a s  a  d i f f e r e n t  
approach f o r  t h e  suppress ion  of horn and f a c e  f l i e s  under  range cond i t i ons  i n  
e a s t  c e n t r a l  South Dakota dur ing  t h e  1985 season. Ravap , E c t r i n  and Ciovap 
were app l i ed  a t  t h e  r a t e s  of 1.25. .05 and 1.0%, r e s p e c t i v e l y ,  t o  Black Angus 
c a t t l e  i n  t h r e e  s e p a r a t e  p a s t u r e s  w i th  t h e  spray  device  con ta in ing  Morton's Farm 
and Ranch T-M s a l t  con ta in ing  i o d i n e  and o t h e r  t r a c e  minerals .  C a t t l e  i n  a  
f o u r t h  p a s t u r e  t h a t  were n o t  t r e a t e d  were used a s  t h e  con t ro l .  A c a n i s t e r  
con ta in ing  Freon 12  a c t s  a s  a  p r o p e l l a n t  t o  f o r c e  t h e  i n s e c t i c i d e  under p re s su re  
ou t  of a  nozz l e  t h a t  produces an a e r o s o l  spray  over  t h e  c a t t l e .  A 3-way bulb  
v a l v e  l i n k e d  t o  a  f a c e  f l a p  permi ts  c a t t l e  t o  t r e a t  themselves when t h e  animal 
pushes t h e  f l a p  inward. The e n t i r e  device  i s  on a  swive l  s o  t h a t  it t u r n s  e a s i l y  
and l e s s e n s  t h e  p o s s i b i l i t y  of be ing  damaged over  t i m e  by a  l a r g e  herd  of 
animals  . 
Ciovap provided e x c e l l e n t  c o n t r o l  f o r  bo th  f a c e  f l i e s  (94.9%) and horn 
f l i e s  (91.2%), wh i l e  c o n t r o l  was less e f f e c t i v e  w i t h  E c t r i n  (62.0% f o r  t h e  f a c e  
f l y  and 75.01% f o r  t h e  horn f l y ) .  Face f l y  c o n t r o l  was l e a s t  e f f e c t i v e  w i t h  
Ravap (42.5%), wh i l e  horn f l y  r educ t ion  was 81.4%. Beef c a t t l e  i n  t h i s  
experiment were observed t o  use t h e  device  r o u t i n e l y ,  bu t  t h e  e f f e c t i v e n e s s  i n  
f l y  c o n t r o l  i n  t h e  herd diminishes  when t h e  s a l t / m i n e r a l  i n  t h e  holding c o n t a i n e r  
has been deple ted .  
(Key Words: Horn F ly ,  Face Fly.  Mineral ~ e e d e r l s p r a y  Device, c o n t r o l .  ) 
In t roduc t ion  
P r i o r  t o  t h e  l a t e  1970's  t h e  most common t o o l s  a v a i l a b l e  f o r  horn f l y ,  
Haematobia i r r i t a n s ,  c o n t r o l  i n  t h e  United S t a t e s  were sprays ,  backrubbers  and 
dus t  bags. The backrubber was o r i g i n a l l y  developed by experiment s t a t i o n  
en tomologis t s  i n  South Dakota (Rogoff, 1961) and K e s s l e r  and Berndt  (1971) proved 
t h a t  dus t  bags would work equa l ly  w e l l  f o r  horn f l y  c o n t r o l ,  b u t  b e t t e r  r e s u l t s  
were ob ta ined  when c a t t l e  were condi t ioned  t o  u se  t h e  devices .  I n  o r d e r  t o  
s a t i s f a c t o r i l y  suppres s  horn f l y  popula t ions ,  r e c e n t  s t u d i e s  have shown t h a t  
p a s t u r e s  need t o  b e  fenced s o  t h a t  animals a r e  r equ i r ed  t o  p a s s  under t h e  d u s t  
bag o r  backrubber  en rou te  t o  wa te r  o r  t o  a  s a l t  n u t r i t i v e  source.  Unfortunately.  
most producers  i n  t h i s  s t a t e  do not  have t h e i r  p a s t u r e s  arranged p rope r ly  t o  
provide  good c o n t r o l  w i t h  t h e  use  of t h e s e  devices .  
Ear  t a g s  con ta in ing  s y n t h e t i c  py re th ro id  i n s e c t i c i d e  have provided e x c e l l e n t  
c o n t r o l  of t h e  horn f l y  and have been of vary ing  success  i n  reducing f a c e  f l y ,  
Musca autumnal is ,  popula t ions  i n  South Dakota (Easton e t  a l . .  1985) f o r  over  
4 years .  Numerous producers i n  t h e  a r e a  of Martin,  Todd County, South Dakota, 
however, claimed t o  have received poor horn f l y  c o n t r o l  u s ing  Y-Tex Gard S t a r  
e a r  t a g s  con ta in ing  permethrin i n s e c t i c i d e s  i n  l a t e  1985. Furthermore, many 
producers  i n  Bennet t ,  Jackson, Stanley,  Todd and Tripp Counties i n  western 
South Dakota have n o t  purchased e a r  t a g s  i n  1986 due t o  t h e i r  c u r r e n t  l a c k  of 
c o n t r o l .  An a l t e r n a t e  means f o r  t he  c o n t r o l  of t hese  i n s e c t s  was t h e r e f o r e  
needed. 
Experimental Procedure 
The ~ l y - b u s t e p ,  a combination mineral  and s a l t  feeding spray  device ,  was 
eva lua ted  on t h r e e  pas tu re s  i n  e a s t  c e n t r a l  South Dakota i n  1985 t o  determine i t s  
f e a s i b i l i t y  f o r  use a s  an a l t e r n a t e  management s t r a t e g y  f o r  t h e  c o n t r o l  of t h e s e  
pes t s .  
Each u n i t  c o n s i s t s  of a 12-gallon capac i ty  l i q u i d  i n s e c t i c i d e  tank mounted 
on a t r i p o d  suppor t ing  base wi th  a housing above t h e  tank hold ing  a con ta ine r  
which provides 50 l b  of feed  o r  mineral  s a l t  t o  b e  inges t ed  by an animal. A 
c a n i s t e r  con ta in ing  Freon 12 a c t s  a s  a p rope l l an t  t o  f o r c e  t h e  i n s e c t i c i d e  under 
p re s su re  up t o  a 3-way bulb va lve .  The p o s i t i o n  of t h e  va lve  i s  c o n t r o l l e d  by a 
mechanical l i nkage  opera ted  by a hinged f a c e  f l a p  which an animal must move 
inward t o  acces s  t h e  sal t  o r  mineral  supplement. I n  t h e  r e s t i n g  p o s i t i o n ,  t h e  
va lve  provides a l i q u i d  communication between a chamber and t h e  p re s su r i zed  
l i q u i d  i n s e c t i c i d e  s o  t h a t  a quan t i t y  is  pushed up i n t o  a smal l  chamber and 
p re s ses  an a i r  column. To consume t h e  mineral  supplement, an animal uses  i t s  
head t o  push t h e  f a c e  f l a p  inward. A mechanical l i nkage  moves t h e  va lve  t o  a 
second p o s i t i o n  s o  t h a t  a chamber i s  i n  f l u i d  connect ion w i t h  t h e  spray  nozzle  
and t h e  q u a n t i t y  of l i q u i d  i s  propel led  from t h e  spray nozz le  over  t h e  head and 
shoulders  of t h e  animal t o  be  t r e a t e d .  
Three u n i t s  were eva lua ted  on t h r e e  s e p a r a t e  farms i n  e a s t  c e n t r a l  
South Dakota n e a r  Badger and DeSmet f o r  t h e  c o n t r o l  of t h e  horn f l y  and t h e  f a c e  
f l y  i n  1985. Untreated c a t t l e  on a f o u r t h  farm c o n s t i t u t e d  t h e  check o r  c o n t r o l  
herd. Each u n i t  was placed w i t h  a s e p a r a t e  herd of approximately 100 head of 
Black Angus cows. When charged only wi th  s a l t  and minera l ,  t h e  animals were soon 
obseaved us ing  t h e  apparatus .  The f i r s t  u n i t  was charged wi th  1.0% 
Crotoxyphos/Dichloavos (mix 1 g a l l o n  of Ciovap (10% + 2.5%) EC i n  12 g a l l o n s  of 
w a t e r ) ,  t h e  second w i t h  .05% Fenvalera te  ( E c t r i n  ) and a t h i r d  charged w i t h  1.25% 
Tetrachlorumphos/dichloavos (Ravap ) i n s e c t i c i d e .  A l l  u n i t s  were provided w i t h  
Morton's Farm and Ranch T-M s a l t  conta in ing  iod ine  and o t h e r  t r a c e  minera ls .  
Resu l t s  and Discussion 
The b e s t  c o n t r o l  was achieved us ing  a 1% spray of Ciovap t h a t  provided 94.9 
and 91.2% reduct ion ,  r e spec t ive ly ,  of f ace  f l i e s  and horn f l i e s  ( t a b l e  1 ) .  
E c t r i n  provided 62.0 and 75.01% f l y  suppression,  r e spec t ive ly .  Ravap was t h e  
l e a s t  e f f e c t i v e  m a t e r i a l  f o r  f a c e  f l i e s  (42.5%), whi le  horn f l y  r educ t ion  w a s  
b e t t e r  (81.4%) . 
Depending upon t h e  s i z e  of a p a r t i c u l a r  c a t t l e  herd, t h e  c o s t s  over  t h e  
long-term f o r  t h e  ope ra t ion  of t h e  "Fly-buster" a r e  gene ra l ly  more economical 
than  t h e  purchase of i n s e c t i c i d e  conta in ing  e a r  t a g s  on an annual b a s i s .  When 
f i r s t  in t roduced ,  e a r  t a g s  r e t a i l e d  f o r  approximately $1 pe r  t a g ,  bu t  i n  a r e a s  
such a s  Mission, South Dakota, where t ags  conta in ing  py re th ro id  m a t e r i a l s  were 
no t  working e f f e c t i v e l y  i n  l a t e  1985, they  a r e  c u r r e n t l y  r e t a i l i n g  f o r  only 75 t o  
85 c e n t s  each. A p roduce r ' s  c o s t  cou ld  b e  e s t ima t ed  a t  $120 annua l l y  f o r  t a g s ,  
assuming 120 head a r e  involved,  w h i l e  e s t i m a t e s  f o r  t h e  t r e a tmen t  of t h i s  number 
of c a t t l e  u s ing  t h e  "Fly-buster" has  been e s t i m a t e d  a t  $20 p e r  month ( p e r i o d  from 
June  th rough  September i s  g e n e r a l l y  involved i n  f l y  c o n t r o l ,  Smith, 1984) .  An 
i n i t i a l  inves tment  of $300 t o  $400 i s  r e q u i r e d  t o  purchase  t h e  a p p a r a t u s  and an 
e f f o r t  has  t o  be  made t o  r e p l e n i s h  t h e  sa l t  o r  m ine ra l  supplement on a  r o u t i n e  
b a s i s .  Only t h e  animals  a cce s s ing  t h e  sa l t  a r e  t r e a t e d  r a t h e r  t han  t h e  e n t i r e  
herd  s imu l t aneous ly  a s  would b e  t h e  c a s e  w i t h  a e r i a l  o r  a  ground sp r ay  ope ra t i on .  
The c o n t r o l  of o r  t h e  pe r cen t  r e d u c t i o n  of between 90 t o  95% found t o  occur  
u s i n g  Ciovap i n  t h e  "Fly-buster" du r ing  1985 i s  cons idered  a b e t t e r  management 
p r a c t i c e  t han  t h e  98 t o  99% c o n t r o l  r e ce ived  u s i n g  t h e  i n s e c t i c i d a l  e a r  t a g s  
c o n t a i n i n g  a s y n t h e t i c  p y r e t h r o i d  over  t h e  p a s t  s e v e r a l  y e a r s .  
Res i s t ance  i s  more l i k e l y  t o  develop f a s t e r  when 98% of t h e  f l y  p o p u l a t i o n  
i s  c o n t i n u a l l y  e l im ina t ed .  With t h e  u se  of e a r  t a g s  c o n t a i n i n g  p y r e t h r o i d ,  a l l  
f l i e s  t h a t  were  s u s c e p t i b l e  t o  t h e  i n s e c t i c i d e  were e l i m i n a t e d  l e a v i n g  only t hose  
t h a t  a r e  r e s i s t a n t .  When t h e  r e s i s t a n c e  develops ,  t h e  e a r  t a g s  c o n t a i n i n g  t h e  
p y r e t h r o i d  are no l o n g e r  of va lue .  
On t h e  o t h e r  hand, a  f l y  r e d u c t i o n  of  80 t o  90% does  n o t  complete ly  
e l i m i n a t e  t h e  s u s c e p t i b l e  popu l a t i on  and, when t h e  i n s e c t i c i d e  p r e s s u r e  i s  n o t  as 
g r e a t ,  r e s i s t a n c e  would n o t  tend t o  develop a s  qu i ck ly .  When popu l a t i ons  of horn  
f l i e s  a r e  reduced t o  80 t o  90%, t h e  numbers of i n s e c t s  on t h e  animal a r e  a l s o  
main ta ined  below t h e  economic t h r e s h o l d  ( e s t i m a t e  of 50 f l i e s  p e r  s i d e )  and a t  
t h i s  l e v e l  t h e  animal  i s  n o t  s u f f e r i n g  economic l o s s  ( i . e . ,  t h e r e  is  no r e d u c t i o n  
i n  t h e  rate of g a i n ) .  
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TABLE 1. SUPPRESSION OF THE FACE E'LY AND THE HORN ?XY USING THE 
"FLY-BUSTER" I N  THREE SEPARATE PASTURESa I N  EAST CENTRAL 
SOUTH DAKOTA DURING 1985 
Ravap (1.25%) E c t r i n  (.05%) Ciovap (1.00%) Cont ro l  
Date Face Horn Face Horn Face Horn Face Horn 
June  25 3.53b .86 .45 .46 .13 4.46 6.33 22.40 
J u l y  3 3.53 4.13 7.87 6.47 .73 2.53 16.87 39.33 
J u l y 1 7  10.93 12.26 11.73 10.93 .73 2.93 10.46 22.93 
J u l y 2 6  12.40 3.86 14.26 3.00 1.20 1.72 22.80 26.30 
Aug 5 15.53 2.13 5.00 .40 1.80 1.26 25.40 20.06 
Sept 27 0 0 -06 .93 0 .06 1.60 13.40 
% Cont ro l  
June  25 44.3 96.2 92.7 92.7 97.9 80.1 
J u l y  3 79.1 89.5 83.3 83.5 95.7 93.5 
J u l y  17 4.5 46.5 12.1 52.3 93.3 87.2 
J u l y  26 45 - 6  85.3 37.4 88.6 94.7 93.4 
Aug 5 39.0 89.4 80.4 40.0 92.9 93.7 
Sept 27 0 0 96.2 93 - 0  0 99.5 
Avg mean 42.5 81.4 62.0 75.0 94.9 91.2 
a Ravap and E c t r i n  were t e s t e d  i n  two s e p a r a t e  p a s t u r e s  be longing  t o  
M r .  W. Sorenson, 8 mi le s  west  of Badger. Ravap was t e s t e d  i n  a p a s t u r e  owned by 
Frank Virchow 6 mi le s  southwest of DeSmet. The c o n t r o l  he rd  was l o c a t e d  9 mi le s  
s o u t h  of Brookings on C o l l i n s '  farm. 
Mean number of f l i e s  p e r  15 animals  counted pos t t r ea tmen t .  
THE RELEASE OF INSECTS STERILIZED BY COBALT 60 TO CONTROL 
A W I L D  POPUIATION OF STABLE FLIES AT THE SDSlJ BEKF 
CATTLE AND SHgEP NUTRITION UNIT I N  BROORINGS 
Emmett R. Eas ton  and Michael A. Catangui  
Department of P l a n t  Sc ience  
Summary 
S t e r i l e  s t a b l e  f l i e s  were r e l e a s e d  weekly a t  t h e  SDSU Beef Cattle and Sheep 
N u t r i t i o n  Un i t  a t  Brookings  from J u l y  24  th rough  September du r ing  t h e  summer 1986 
season  t o  e l i m i n a t e  w i l d  popu l a t i ons  of i n s e c t s .  F l i e s  t h a t  were  s t e r i l i z e d  were  
marked w i t h  a  dye s o  when r ecap tu r ed  by an i n s e c t  n e t  o r  a s t i c k y  t r a p  t hey  cou ld  
be  d i f f e r e n t i a t e d  from wi ld ,  normal o r  f e r t i l e  f l i e s .  A t r e n d  toward reduced f l y  
numbers w a s  observed 3 weeks fo l l owing  t h e  f i r s t  release. A 1:5 r a t i o  of s t e r i l e  
t o  w i l d  f l i e s  w a s  ach ieved  i n  6  weeks. 
(Key Words : S t a b l e  F ly ,  S t e r i l e  Male Release ,  c o n t r o l .  ) 
I n t r o d u c t i o n  
The s t e r i l e - m a l e  t echn ique  i s  one of t h e  knawn ways of c o n t r o l l i n g  s p e c i f i c  
i n s e c t  p e s t s  of a g r i c u l t u r e  and p u b l i c  h e a l t h .  It ha s  t h e  s o l e  d i s t i n c t i o n  of 
be ing  capab l e  of n e a r l y  e r a d i c a t i n g  an i n s e c t  s p e c i e s  when t h e  method i s  
s e r i o u s l y  and thoroughly under taken.  The e r a d i c a t i o n  of t h e  screwworm i n  t h e  
s o u t h e a s t e r n  Uni ted  S t a t e s  by t h e  workers a t  t h e  A g r i c u l t u r a l  Research S e r v i c e  of 
t h e  U.S. Department of A g r i c u l t u r e  and t h e  F l o r i d a  L ive s tock  Board (Knipl ing,  
1985) provided proof  t h a t  t h e  t echn ique  i s  e f f e c t i v e .  
Mass-rearing of an  i n s e c t  t o  b e  s t e r i l i z e d  and e v e n t u a l l y  r e l e a s e d  i n  t h e  
w i l d  popu l a t i on  i s  a b a s i c  p r e r e q u i s i t e  of t h e  sterile-male technique.  I n  t h e  
e r a d i c a t i o n  of  t h e  screwworm, a mechanized f a c t o r y ,  f o r  example, was b u i l t  and 
m i l l i o n s  o f  i n s e c t s  rea red .  Wil l iams e t  a l .  (1981) documented a method f o r  
producing 250,000 t o  300,000 a d u l t  s t a b l e  f l i e s  p e r  day i n  connec t ion  w i t h  
s ter i le  male r e l e a s e s  a t  S t .  Croix I s l a n d  i n  t h e  West I n d i e s .  Obviously. f o r  a 
f e e d l o t  s c a l e  o p e r a t i o n  fewer  s t e r i l e  f l i e s  would b e  r equ i r ed .  A s t udy  was 
conducted t o  de te rmine  t h e  f e a s i b i l i t y  of c o n t r o l l i n g  s t a b l e  f l i e s  i n  a  f e e d l o t  
environment u s ing  t h e  s t e r i l e  f l y  technique.  
Methods and M a t e r i a l s  
Mass Rearing.  Adul t  f l i e s ,  Stomoxys c a l c i t r a n s ,  were housed i n  a s e r i e s  of 
-
1 6  x 16  x 16" aluminum screened  cages  main ta ined  i n  a r e a r i n g  room under  c o n s t a n t  
i l l u m i n a t i o n  (overhead lamps) w i t h  t empera ture  and r e l a t i v e  humidi ty  main ta ined  
a t  700 F  and 60 t o  80%. r e s p e c t i v e l y .  F l i e s  were  f e d  c i t r a t e d  beef blood d a i l y  
and eggs were  l a i d  on b l a c k  c l o t h s  t h a t  were  suspended i n  t a p  water i n  t h e  cages .  
Eggs c o l l e c t e d  on t h e  c l o t h s  were  q u a n t i f i e d  v o l u m e t r i c a l l y  and p l aced  on 
a r t i f i c i a l  media (combinat ion of wheat b ran ,  f i s h  meal, z o n o l i t e  and w a t e r )  f o r  
l a r v a e  t o  develop. Pupat ion of t h e  l a r v a e  began a f t e r  7  days and pupae were  
c o l l e c t e d  from t h e  media 4 days l a t e r .  
S t e r i l i z a t i o n .  Af t e r  pupae were c o l l e c t e d ,  they were sepa ra t ed  from t h e  
a r t i f i c i a l  media, placed i n  p l a s t i c  bags (10,00O/bag) and s e n t  i n  a cool  box on 
t h e  bus t o  Fargo, North Dakota (USDA Lab),  where they were i r r a d i a t e d  w i t h  a 
Cobalt  60 source. I r r a d i a t e d  pupae were re turned  t o  Brookings on t h e  nex t  
southbound bus. 
Release. S t e r i l i z e d  pupae were placed i n  aluminum cages and emerging a d u l t s  
f ed  on beef blood b e f o r e  be ing  dyed wi th  Day-glo marking pigment (Day-Glo Color 
Corporation, Cleveland, Ohio). F l i e s  were r e l e a s e d  a t  t h e  SDSU N u t r i t i o n  Unit  a t  
Brookings weekly from J u l y  through September b u t  only dur ing  opt imal  c l i m a t i c  
cond i t i ons  s o  t h a t  t h e  r e l e a s e d  f l i e s  would be  a s  compet i t ive  a s  p o s s i b l e  and 
mate w i t h  t h e  w i l d  populat ion.  
Recapture. Williams1 s t i c k y  t r a p s  were used t o  r ecap tu re  s t e r i l e  (marked 
f l i e s )  a s  w e l l  a s  w i l d  f l i e s .  Panels  composed of two t r a n s l u c e n t  f i b e r g l a s s  
(A l syn i t e  S e r i e s  600, 1.2 mm t h i c k ,  Reichold Chemicals, Shawnee Mission, Kansas) 
r e c t a n g l e s  w e r e  f i t t e d  toge the r  a t  t h e i r  mid-points and covered wi th  10 mm c l e a r  
p l a s t i c  shee t s .  The panels  and s l eeves  were pos i t i oned  i n  s l o t s  c u t  i n  2 x 2" 
wooden s t a k e s  (d r iven  previous ly  i n t o  t h e  ground w i t h  a p o s t d r i v e r ) .  The covered 
pane l s  were then  coated wi th  Tangle Trap adhesive (The Tanglefoot Company, 
Grand Rapids. Michigan). 
Resul t s  and Discussion 
When f l y  counts  on t h e  f r o n t  l e g s  of beef c a t t l e  i n  t h e  f e e d l o t  were c a r r i e d  
out  a t  t h r e e  time i n t e r v a l s  dur ing  t h e  day, one day each week from June 12 t o  
September 4 ( t a b l e  11 ,  numbers of s t a b l e  f l i e s  i n  gene ra l  were found t o  be the  
lowest  i n  t h e  mornings and h ighes t  i n  t h e  a f te rnoons .  With t h e  r e l e a s e  of 
s t e r i l e  i n s e c t s  weekly from J u l y  24 t o  September 4, f l y  counts  on t h e  animals  
were expected t o  i nc rease  immediately fol lowing r e l e a s e  and t o  decrease  fol lowing 
mating and t h e  subsequent product ion of s t e r i l e  eggs. Length of a d u l t  l i f e  f o r  a 
t y p i c a l  f l y  (both  s t e r i l e  a s  w e l l  a s  f e r t i l e )  was es t imated  a t  2 weeks. A t r end  
toward lower numbers of f l i e s  was observed s t a r t i n g  August 15,  3 weeks a f t e r  t h e  
f i r s t  s t e r i l e  f l y  r e l ea se .  We hope t h a t ,  when t h e  d a t a  f o r  t h e  month of 
September a r e  complete, we w i l l  be a b l e  t o  demonstrate a g r e a t e r  reduct ion  i n  t h e  
numbers of f l i e s  t h a t  a r e  a v a i l a b l e  t o  feed  on p o t e n t i a l  animals.  
When s t e r i l e  i n s e c t s  were r e l ea sed  s t a r t i n g  t h e  week of J u l y  24, t h e  r a t i o  
of s t e r i 1 e : f e r t i l e  (wi ld  f l i e s )  i n  t h e  f e e d l o t  was es t imated  a t  1:26 us ing  t h e  
W i l l i a m s 1  s t i c k y  t r a p s  ( t a b l e  2 ) .  On August 29 a f t e r  t h e  r e l e a s e  of s t e r i l e  
i n s e c t s  over  a per iod  of 6 weeks, t h e  r a t i o  of s t e r i1e :wi ld  f l i e s  was inc reased  
t o  1:5. Based on these  da t a ,  t h e  r a t i o  of s t e r i1e :wi ld  f l i e s  dur ing  t h e  month of 
September should be  increased  t o  1:l o r  1 : O .  The i n v e s t i g a t o r s  p l an  t o  cont inue  
t h e i r  r e l e a s e s  dur ing  September t o  reduce t h e  w i l d  popula t ion  a s  f a r  a s  p o s s i b l e  
toward zero .  Fewer numbers of f e r t i l e  i n s e c t s  w i l l  then  be a v a i l a b l e  t o  
s u c c e s s f u l l y  overwinter  and t h e  popula t ion  of s t a b l e  f l i e s  i n  e a r l y  1987 i s  
expected t o  be  d rama t i ca l ly  l e s s ,  
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TABLE 1. AVERAGE NUMBER OF STABLE ELIES (BITING OR 
ALIGHTING) ON THE POSTERIOR ASPECT OF THE FORELEGS 
OF 20 CATTLE PER MINUTE AT THE SDSU BEEF CATTLE 
AND SHEEP NUTRITION UNIT DURING THE 1986 SEASON 
Date  9 a .m.  1 2  noon 3 p.m. 
J u n e  1 2  
J u n e  1 9  
J u n e  26 
J u l y  3 
J u l y  1 0  
J u l y  17 
J u l y  2 4  7.559a 
J u l y  3 1  19.737a 
August 8 31,916a 
August 1 5  14.2588 
August 22 33,379a 
August 29 25,551a 
September 4 
a Number o f  s te r i le  f l i e s  r e l e a s e d .  
TABLE 2. NUMBER OF STABLE ELIES CAPTURED FROM TWO 
WILLIAMSs TRAPS AT THE SDSU BEEF CATTLE AND SHEEP 
NUTRITION UNIT DURING THE 1986 SEASON 
T o t a l  S t e r i l e  :wi ld  
Date count  r a t i o  
June  1 2  
J u n e  1 9  
J u n e  26 
J u l y  3 
J u l y  1 0  
J u l y  17 
J u l y  2 4  
J u l y  3 1  
August 3 
August 15 
August 22 
August 29 
a Number o f  s t e r i l e  f l i e s  r e l e a s e d .  
THE STATUS OF HORN FLY RESISTANCE 
IN SOUTH DAKOTA 
Emmett R. Easton 
Department of P lan t  Science 
Summary 
Ear  t a g s  conta in ing  t h e  organophosphate i n s e c t i c i d e  c h l o r p y r i f o s  have been 
e f f e c t i v e  i n  t h e  c o n t r o l  of r e s i s t a n t  horn f l i e s  i n  t h r e e  wes tern  South Dakota 
l o c a l i t i e s  during 1986. Resis tance l e v e l s  of 50-fold t o  pyre thro id  i n s e c t i c i d e  
were de tec t ed  i n  horn f l y  populat ions a t  Cottonwood, Colome and S tu rg i s .  
(Key Words: Resis tance.  Synthe t ic  Pyrethroid.  Horn Fly Haematobia i r r i t a n s . )  
In t roduct ion  
Ear  t a g s  conta in ing  s y n t h e t i c  pyre thro id  i n s e c t i c i d e  (Fenvalerate .  
Permethrin and more r e c e n t l y  F l ~ c ~ t h r i n a t e )  have provided e x c e l l e n t  c o n t r o l  of 
horn f l y .  Haematobia i r r i t a n s ,  populat ions and have -been of vary ing  success  i n  
reducing f a c e  f l y ,  Musca autumnalis,  populat ions i n  South Dakota f o r  over  4 yea r s  
(Easton e t  a l . .  1985).  I n  r ecen t  years .  however, t h e  s i t u a t i o n  has un fo r tuna te ly  
been changing. A number of l i v e s t o c k  producers near  Martin and Mission i n  
western South Dakota and o the r s  i n  the  Cottonwood-Philip a r e a  of Jackson and 
Haakon Counties claim t o  have received poor horn f l y  c o n t r o l  when us ing  e a r  t a g s  
i n  l a t e  1985. Many producers i n  Bennett. Jackson. Stanley. Todd and Tripp 
Counties d id  no t  purchase e a r  t ags  i n  1986 due t o  t h e i r  experiences w i t h  t h e  l a c k  
of c o n t r o l  i n  1985 so  many farm s t o r e s  i n  wes tern  South Dakota a r e  n o t  c u r r e n t l y  
s e l l i n g  these  products  and a r e  promoting a l t e r n a t e  means of con t ro l .  
Res is tance  t o  t h e  pyre thro id  m a t e r i a l s  i n  e a r  t a g s  was f i r s t  repor ted  i n  
F l o r i d a  i n  1983 and by 1985 r e s i s t a n t  f l y  populat ions were a f f e c t i n g  c a t t l e  i n  10 
s t a t e s  i n  t h e  Great P la ins  (Kunz and Schmidt. 1985).  When s i m i l a r  r e s i s t a n c e  
behavior  was de tec ted  i n  t h e  Valent ine  a r e a  of no r th  c e n t r a l  Nebraska. t h r e e  
farms i n  t h e  Mission a r e a  of South Dakota i n  l a t e  1985 were a l s o  observed t o  have 
numbers of horn f l i e s  t h a t  averaged 200 pe r  animal. Animals tagged w i t h  E c t r i n  
( f e n v a l e r a t e  i n s e c t i c i d e )  e a r  t ags  under con t rac t  wi th  the  Ralston Purina Company 
were observed t o  have horn f l y  populat ions of over 250 f l i e s  pe r  s i d e  on an 
animal when observed i n  August of l a s t  yea r  (Jack Shugart. personal  
communication. Ralston Purina Company). 
A need e x i s t e d  t o  determine whether r e s i s t a n c e  was a major f a c t o r  opera t ing  
i n  South Dakota which would account f o r  poor horn f l y  c o n t r o l  c u r r e n t l y  repor ted  
i n  much of our  s t a t e  west of t he  Missouri River. I f  r e s i s t a n c e  was the  problem. 
a l t e r n a t e  means of con t ro l  would need t o  be developed. 
Experimental Procedure 
I n  o r d e r  t o  determine i f  r e s i s t a n c e  ex i s t ed ,  a  f i l t e r  paper  assay technique 
was employed t o  monitor t h e  r e s i s t a n c e  t o  py re th ro ids .  
With t h e  a i d  of a  heated sharp  instrument ,  a  1/4" round ho le  was melted i n t o  
t h e  bottom of 21 3 3 / 4  x 7/8" p l a s t i c  p e t r i  d i shes  j u s t  l a r g e  enough t o  
accommodate t h e  end of a  g l a s s  tube  from a b a t t e r y  powered a s p i r a t o r .  Six t o  
e i g h t  sma l l e r  ho le s  1/6" i n  diameter  were a l s o  melted through t h e  bottom of each 
d i s h  t o  provide a i r  f o r  t h e  f l i e s  bu t  n o t  l a r g e  enough t o  permit them t o  escape. 
F i l t e r  papers  were t r e a t e d  w i t h  a  1 - m l  s e r i e s  of d i l u t i o n s  of a  s y n t h e t i c  
py re th ro id  i n s e c t i c i d e  (Fenvalera te )  a t  t h e  dosages of 12.5, 6.25, 3.125. 1.562. 
.781, .391, . I95  and .0977, r e s p e c t i v e l y  (method of D. C. Sheppard, unpublished) .  
A f t e r  t rea tment  f i l t e r  papers  were kep t  i n  aluminum f o i l  packets  t o  prevent  
decomposition. When ready t o  use, t h e  papers  were placed i n  t h e  top of each 
p e t r i  d i s h  and t h e  bottom of t h e  d i s h  placed on a s  i f  i t  were on t h e  top. The 
assembly was then  taped toge the r .  
Horn f l i e s  were n e t t e d  o f f  of t h e  c a t t l e  a t  (1)  t h e  Cottonwood Range and 
Lives tock  Research S t a t i o n ,  (2)  t h e  SDSU cow-calf herd  a t  F o r t  Meade and (3)  t h e  
ranches of Ohmer Cook and C l i f f o r d  Fees n e a r  Cottonwood and Chandlor Shippy sou th  
of Colome. A b a r l e y  cow-cake food supplement conta in ing  molasses was used t o  
a t t r a c t  t h e  animals  a t  t h e  Cook and Fees '  ranches. F l i e s  were taken  o f f  t h e  
backs of animals  when herded i n t o  a  chu te  a t  t h e  Cottonwood S t a t i o n ,  a t  F o r t  
Meade and n e a r  Colome. 
A f t e r  f l i e s  were n e t t e d  from t h e  c a t t l e ,  they  were a s p i r a t e d  from t h e  n e t  
and 12  t o  15 allowed t o  e n t e r  each p e t r i  d i sh .  The 1/4" opening was then  sea l ed  
w i t h  t a p e  t o  prevent  f l y  escape. A l l  p e t r i  d i shes  w i t h  f l i e s  were placed i n  a  
cool  box t o  prevent  dea th  from high temperatures .  A f t e r  2  hours ,  a l l  f l i e s  t h a t  
were obviously dead and any unable t o  s t and  were counted a s  dead. Numbers of 
dead f l i e s  were a l s o  counted a f t e r  8 and 24 hours. The percentage  k i l l  a t  each 
l e v e l  was computed inc luding  a  check. The check cons i s t ed  of a  p e t r i  d i s h  w i t h  
an u n t r e a t e d  f i l t e r  paper. The percentage k i l l  was p l o t t e d  a g a i n s t  t h e  dosage 
l e v e l  on semi-log p r o b i t  graph paper. A "bes t  f i t "  l i n e  was drawn t o  determine 
t h e  LC50 of t h e  populat ion.  An LC50 f o r  each herd was d iv ided  by a  s u s c e p t i b l e  
LC50 of .13 g/cm t o  determine t h e  r e s i s t a n c e  f a c t o r  (R/S). The LC50 i s  def ined  
a s  t h e  dosage t h a t  k i l l s  50% of t h e  populat ion.  
I n s e c t i c i d e  e a r  t a g s  con ta in ing  5.0% c h l o r p y r i f o s  and 7.0% cypermethrin 
synergized w i t h  3.5% piperonyl  butoxide (Max-Con, Y-Tex Corporat ion)  were 
eva lua ted  a s  an a l t e r n a t e  management s t r a t e g y  on beef c a t t l e  herds  i n  t h r e e  a r e a s  
of t h e  s t a t e  where r e s i s t a n t  horn f l i e s  were suspec ted  t o  be  p re sen t .  Ear  t a g s  
were suppl ied  a t  t h e  r a t e  of two p e r  animal t o  Black Angus c a t t l e  a t  t h e  
Cottonwood Range and Lives tock  Research S t a t i o n  i n  Jackson County and t o  herds  
owned by Chandlor Shippy and t h e  I r e l and  Brothers  n e a r  Colome, Tripp County, and 
Martin,  Bennet t  County, r e spec t ive ly .  
Resu l t s  and Discussion 
An economic t h r e sho ld  of 50 f l i e s  p e r  s i d e  has been recommended f o r  horn 
f l i e s  a f f e c t i n g  beef c a t t l e  on t h e  Northern Great  P l a in s .  When horn f l y  numbers 
exceed t h i s  t h r e sho ld ,  economic l o s s e s  i n  terms of r educ t ion  i n  t h e  r a t e  of g a i n  
a f f e c t  t he  l i v e s t o c k  producer.  Two beef c a t t l e  herds  monitored f o r  horn f l y  
popu la t i ons  i n  wes te rn  South Dakota dur ing  t h e  1986 summer season  ( t a b l e  1 )  had 
f l y  numbers t h a t  exceeded t h e  economic t h r e sho ld  from J u l y  7  through t h e  month of 
August, even though t h e  animals had been t r e a t e d  e a r l i e r  w i t h  s y n t h e t i c  
py re th ro id  e a r  t ags .  Numbers of f l i e s  on herds  t r e a t e d  w i th  t h e  py re th ro id  e a r  
t a g s  were a t  l e a s t  a s  h igh  a s  t h e  numbers of f l i e s  on herds  where no i n s e c t i c i d a l  
c o n t r o l  was maintained. 
Where e a r  t a g s ,  on t h e  o t h e r  hand, con ta in ing  an organophosphate i n s e c t i c i d e  
( c h l o r p y r i f o s  o r  Dursban) were used on neighboring herds  of c a t t l e  i n  two of 
t h e s e  a r e a s ,  a  cons ide rab l e  r educ t ion  of horn f l i e s  was noted ( t a b l e  2 ) .  This  
in format ion  suggested t h a t  r e s i s t a n t  horn f l y  popula t ions  were widespread i n  t h e  
r eg ion  and when f l y  popu la t i ons  reached approximately 200 f l i e s  p e r  s i d e  by 
August, e f f o r t s  were made t o  t e s t  l i v e  m a t e r i a l  f o r  r e s i s t a n c e  t o  py re th ro ids  
( t a b l e  3 ) .  LC50 va lues  of -above .13 g/ml i n d i c a t e  a  probable  r e s i s t a n t  
popu la t i on  and provide  evidence why poor f l y  c o n t r o l  i s  be ing  achieved i n  t he se  
a r e a s  w i t h  t h e  u se  of s y n t h e t i c  py re th ro id  e a r  t a g s  con ta in ing  f e n v a l e r a t e  o r  
penne thr in .  Even though herds  i n  o t h e r  a r e a s  have n o t  been t e s t e d  a t  t h i s  t ime,  
t h e r e  i s  good l i k e l i h o o d  t h a t  r e s i s t a n c e  t o  py re th ro id  i n s e c t i c i d a l  e a r  t a g s  i s  
now widespread throughout wes te rn  South Dakota. Herds of c a t t l e  i n  t h e  
F t .  P i e r r e  a r e a  t h a t  were tagged w i t h  py re th ro id  m a t e r i a l s  were noted t o  have 
horn f l y  numbers g r e a t e r  t han  50 f l i e s  p e r  s i d e  dur ing  Ju ly .  1986. 
Producers i n  1987 should r e f r a i n  from us ing  e a r  t a g s  con ta in ing  p y r e t h r o i d  
m a t e r i a l s  on t h e i r  animals and use  a  t a g  con ta in ing  an organophosphate ma te r i a l .  
A s p e c i a l  24C s t a t e  l a b e l  f o r  t h e  Max-Con t a g  con ta in ing  c h l o r p y r i f o s  has been 
a p p l i e d  f o r  by t h e  Y-Tex Corporat ion and t h i s  product  w i l l  hopefu l ly  b e  a v a i l a b l e  
i n  farm s t o r e s  i n  1987. Tags conta in ing  t e t r ach lo rv inphos  o r  Rabon ( o r i g i n a l l y  
developed by t h e  Diamond Shamrock Company) a r e  an a l t e r n a t e  product  s t i l l  
a v a i l a b l e  from t h e  SDS Bio tech  Company (now Fermenta Animal Hea l th ) .  There i s  
i n c r e a s i n g  evidence, however, i n  t h e  s t a t e s  of Nebraska and Kansas t h a t  t h e  Rabon 
t a g  does n o t  l a s t  l o n g e r  than 3  months. Producers wishing season-long f l y  
c o n t r o l  w i l l  have t o  r e t a g  l a t e r  i n  t h e  summer when us ing  t h i s  product .  A 20% 
Diazinon t a g  may a l s o  be  a v a i l a b l e  t o  producers  i n  1987 i f  a  s t a t e  l a b e l  i s  
approved. 
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TABLE 1. THE FAILURE OF SYNTHETIC PYRETHROID 
IMPREGNATED EAR TAGS TO CONTROL HORN E'LIES ON 
TWO RANCHES I N  WESTERN SOUTH DAKOTA I N  1986 
Mean number of 
horn  f l i e s / s i d e  
Date  Mar t ina  cottonwoodb 
J u l y  7 
J u l y  24  
J u l y  31 
August 7 
August 1 4  
August 28 
a Herd owned by t h e  I r e l a n d  B r o t h e r s  was 
t r e a t e d  w i t h  Permethr in  Y-Tex Gard s ta r  e a r  t a g s  
a t  t h e  r a t e  of one t a g  p e r  c a l f .  two t a g s  p e r  
b u l l  and none i n  t h e  cows. 
One-half of a h e r d  of c a t t l e  owned by Ohmer 
Cook was t agged  w i t h  E c t r i n  e a r  t a g s  ( c o n t a i n i n g  
f e n v a l e r a t e )  a t  t h e  r a t e  of one t a g  p e r  animal  
and t h e  remaining h a l f  w i t h  Y-Tex Gard s ta r  t a g s  
c o n t a i n i n g  Permethr in .  
TABLE 2. EFFICACY OF MAX-COP INSECTICIDE IMPREGNATED EAR TAGS 
CONTAINING 5.0% CHLORPYRIFOS AND 7.0% CYPERMETHRIN W I T H  
SYNERGIST FOR THE CONTROL OF RESISTANT HORN FLIES ON 
THREE mSTERN SOUTH DAKOTA RANCHES DURING 1986 
Loca l i t y  
Colomea  arti in^ Cottonwoodc 
Date Week Tr ipp  Co. Bennet t  Co. Jackson Co. Control  
May 28 
June 15 
J u l y  7 
J u l y  24 
J u l y  31 
Aug 7 
Aug 14 
Aug 21 
Aug 28 
Sept 4 
Sept 12 
Pre t rea tment  
Pos t t rea tment  
5 
7 
8 
9 
10 
11 
12 
13 
1 4  
Avg mean 9.8 9.5 11.2 90.8 
June 15 
J u l y  7 
J u l y  24 
J u l y  31 
Aug 7 
Aug 1 4  
Aug 21 
Aug 28 
Sept 4 
Sept 8 
% Control  
95.7 
93.3 
91.3 
97.9 
93.8 
85.9 
84.0 
88.1 
79.1 
-- 
Avg mean 89.9 87.2 86.5 
a Herd awned by Chandlor Shippy. 
Herd on ranch owned by t h e  I r e l a n d  Bro thers .  
Cottonwood Range and Lives tock  Research S t a t i on .  
Mean number of horn f l i e s  p e r  15 animals.  Animals tagged on June 1 a t  r a t e  
of two t a g s  p e r  head. 
TABLE 3 .  HERDS OF BEEF CATTLE TESTED I N  WESTERN SOUTH DAKOTA 
FOR RESISTANCE TO PYRETHROID INSECTICIDES USING THE FILTER 
PAPER RESIDUE TECHNIQUE OF SHEPPARD 
Date  Ranch County LC50 R/ Sa 
August 1, 1986 O h e r  Cook J a c k s o n  6.9a 53 
August 8. 1986 C l i f f o r d  Fees  J a c k s  on 6.8a 5 2 
August 14. 1986 Cottonwood Range and 
L i v e s t o c k  
Research S t a t i o n  J a c k s o n  6.8a 5 2 
August 28. 1986 Chandf o r  Shippy Todd 6.8a 5 2 
August 28. 1986 O h e r  Cook Jackson  6.9a 5 3 
Sept .  26. 1986 F t .  Meade. SDSU Meade 6.4a 49 
DETERMINATION OF AN OPTIMAL SINGLE DOSE OF FAWPHUR 
ADMINISTERED IR COH6IIUATION WIT8 LEVAHISOLE IN A 
PASTE FORMULATION FOR GRUB CORlROL IN BEEF WVES 
H. L. Mi l l e r ,  R. L. Delay and R. Haigh 
Department of Animal and Range Sciences 
BEEF REPORT 
CATKE 86-18 
Eighty-nine b u l l  and h e i f e r  crossbred beef ca lves  were u t i l i z e d  i n  f i v e  
t rea tments  t o  determine t h e  e f f e c t  of famphur administered a s  a p a s t e  f o r  grub 
con t ro l .  The f i v e  t rea tments  were (1) experimental paste-0% famphur o r  c o n t r o l  
(A), (2) experimental paste-14.4% famphur (B) , (3)  experimental paste-21.6X 
famphur (C), (4) experimental paste-28.8% famphur (Dl and (5) Warbex famphur 
pour-on p lus  t r amiso l  levamisole g e l  (El. I n  a l l  t reatments  i n  which famphur was 
administered (B, C, D and E) e f f e c t i v e  con t ro l  of grubs was accomplished. Weight 
ga ins  were 355, 360, 384, 355 and 356 l b  f o r  b u l l s  i n  groups A, B, C. D and E,  
r e spec t ive ly ,  and 214, 212, 217, 226 and 201 l b  f o r  h e i f e r s  i n  groups A, B, C, D 
and E, r e spec t ive ly .  
(Key Words: C a t t l e ,  Grubs, Pas t e  Formulation, Anthelmintic.)  
In t roduct ion  
Warbex famphur has been used f o r  s e v e r a l  yea r s  a s  a s i n g l e  a p p l i c a t i o n  
pour-on f o r  t h e  c o n t r o l  of grubs on c a t t l e  a t  a dose l e v e l  of 40 mg famphur/kg 
body weight. Data have a l s o  shown famphur i s  e f f e c t i v e  by o r a l  admin i s t r a t ion  a s  
a drench and when given i n  feed o r  a mineral supplement. S ingle  o r a l  dose d a t a  
a r e  very  l i m i t e d ,  but  a dose of approximately 25 mg/kg body weight appears  t o  
have reasonable  e f f i cacy .  Feeds o r  supplements providing 10 mg/kg body weight 
f o r  5 days o r  5 mg/kg body weight f o r  10 t o  90 days provided e x c e l l e n t  grub and 
l i c e  con t ro l .  Tramisol levamisole is  used f o r  helminth c o n t r o l  i n  c a t t l e  w i th  a 
s i n g l e  o r a l  dose r a t e  of 8 mg levamisole/kg body weight.  This  product i s  
a v a i l a b l e  i n  va r ious  o r a l  formulat ions inc luding  a ge l .  The purpose of t h i s  
s tudy was t o  determine t h e  optimal dose l e v e l  of famphur f o r  t h e  c o n t r o l  of grubs 
i n  c a t t l e  when administered a s  a s i n g l e  o r a l  dose i n  combination wi th  levamisol  
i n  a p a s t e  formulat ion.  
Mater ia l s  and Methods 
Forty-six b u l l  and 43 h e i f e r  crossbred ca lves  from western South Dakota were 
randomly assigned t o  f i v e  famphur t reatments  t o  determine t h e  e f f e c t  of famphur 
administered o r a l l y  f o r  grub con t ro l .  The f i v e  t reatments  were (1) experimental 
paste-0% famphur o r  c o n t r o l  (A), (2)  experimental paste-14.4% famphur (B), (3) 
experimental paste-21.6% famphur (C), (4) experimental paste-28.8% famphur (D) 
and (5) Warbex famphur pour-on p l u s  t ramisol  levamisole g e l  (El.  I n  each 
t reatment  A, B,  C and D,  t h e  experimental p a s t e  contained 8 mg levamisole ( H a  
equiv.)/kg body weight when given t o  provide t h e  s t a t e d  famphur doses. T i t r a t e d  
dose l e v e l s  of famphur were 0. 20, 30 and 40 mg/kg body weight f o r  groups A, B,  C 
and D,  r e spec t ive ly .  The experiment was i n i t i a t e d  November 11 and continued 
u n t i l  March 27. A l l  animals were weighed a t  t he  beginning of t h e  t r i a l ,  a t  
28-day i n t e r v a l s  and a t  t r i a l  terminat ion.  Average weights  f o r  t h e  b u l l  and 
h e i f e r  ca lves  were 544 and 482 l b ,  r e spec t ive ly ,  a t  t r i a l  i n i t i a t i o n .  A l l  
animals were c l o s e l y  observed f o r  evidence of adverse e f f e c t s  fo l lowing  product 
adminis t ra t ion .  During t h e  grub emergence season  a l l  animals were examined t h r e e  
t imes a t  approximately 3-week i n t e r v a l s .  Grub counts  were performed by pa lpa t ing  
the  backs of t h e  c a t t l e  whi le  they were r e s t r a ined .  The number of grubs f o r  each 
animal a t  each count  was recorded. A l l  c a l v e s  were maintained i n i t i a l l y  on 
80% a l f a l f a  hay and 20% whole s h e l l e d  corn and then  gradual ly  changed t o  80% corn 
and 20% a l f a l f a  hay p lus  mineral  supplementation. 
Resu l t s  and Discussion 
Grub c o n t r o l  and weight ga ins  of ca lves  a r e  presented i n  t a b l e  1. Each of 
t h e  t h r e e  experimental  l e v e l s  of famphur (14.4, 21.6 and 28.8%) e f f e c t i v e l y  
c o n t r o l l e d  grubs i n  t h i s  study. When famphur was adminis te red  i n  t h e  
convent ional  method (Warbex pour-on), s i m i l a r  c o n t r o l  t o  t h e  t h r e e  o r a l  famphur 
admin i s t r a t i ons  was present .  I n  t h e  c o n t r o l  group (0% famphur and 8 mg 
levamisole/kg body weight) cons iderably  more (P< .05) grubs were present .  Actual 
counts  f o r  o r a l  famphur admin i s t r a t i on  ranged from 0 t o  .4 grubs pe r  animal a t  
t h e  t h r e e  counting per iods  compared t o  2.7 t o  4.6 grubs p e r  animal f o r  t h e  
c o n t r o l  group. Weight ga ins  f o r  t h e  f i v e  groups a r e  a l s o  presented  i n  t a b l e  1. 
There w a s  no d i f f e r e n c e  (P>.05) i n  weight ga in  between t h e  groups. 
These d a t a  demonstrate t h e  e f f e c t i v e n e s s  of famphur when administered o r a l l y  
a t  t he  t h r e e  l e v e l s  u t i l i z e d  i n  t h i s  s tudy f o r  grub c o n t r o l  i n  c a t t l e .  
TABLE 1. GRUB NUMBERS AT THREE INSPECTIONS AND WEIGHT GAIN OF BEEF 
CATTLE TREATED WITH VARYING L E v n s  OF FAMPHUR 
Grubs p e r  animal 
No. 3-12 3-30 4-27 Gain ( l b )  
Ba ~b B H B H B H B H 
Control (A) 9 8 2.7 3.0 4.2 4.6 3.7 4.0 355 214 
14.4% famphur (B) 9 9 .O .1 .O .O .O - 0  360 212 
21.6% famphur ( C )  9 9 .3 .O .2 .O .2 .O 384 217 
28.8% famphur (D) 10 8 .O .O .1 .O .4 .O 355 226 
~ a r b e x / t r a m i s o l  (El 9 9 .O .O .O .1 .O .1 356 201 
a Bull .  
Heifer .  
EFFECTIWNESS OF ALBERDAZOLE AGAINST PARASITES 
AND COW AND CALF P E R F O ~ C E  
i 
\ ((ha')  H. L. Mi l l e r ,  Department J .  Berthelsen,  of Animal B. and A. Range P e t i t j e a n  Sciences and R. H. Haigh 
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Albendazole was u t i l i z e d  i n  drench and feed  a d d i t i v e  form t o  determine i ts  
e f f e c t i v e n e s s  aga ins t  p a r a s i t e  con t ro l ,  cow weight and conception r a t e  and c a l f  
weaning weights .  Fecal  oocyte number was decreased by admin i s t r a t ion  of 
Albendazole. Calf weaning weights  from t r e a t e d  cows were heav ie r  t h e  f i r s t  two 
y e a r s  (14.5 l b  f o r  h e i f e r s  and 10.5 l b  f o r  b u l l s )  but  decreased t h e  t h i r d  y e a r  
(13 l b  and 6 l b  f o r  h e i f e r s  and b u l l s ,  r e s p e c t i v e l y ) .  Conception r a t e s  were 
s i m i l a r  between t h e  two groups, w i th  t h e  only d i f f e r e n c e  occurr ing  t h e  t h i r d  y e a r  
when c o n t r o l  cows had a h igher  conception r a t e  from t h e  second A 1  than t r e a t e d  
cows. 
(Key Words: Beef Cows, Anthelmintic,  Reproduction, Performance, Fecal  Oocytes.) 
In t roduct ion  
P resen t ly  t h e r e  a r e  many worming compounds e f f e c t i v e  a g a i n s t  i n t e r n a l  
p a r a s i t e s .  However, many of these  compounds a r e  only e f f e c t i v e  on a l i m i t e d  
number of p a r a s i t e  spec ies .  Few broad spectrum wormers a r e  p r e s e n t l y  a v a i l a b l e  
f o r  i n t e r n a l  p a r a s i t e s .  Albendazole i s  an anthe lmint ic  t h a t  appears  t o  c o n t r o l  
g a s t r o i n t e s t i n a l  roundworms, lungworms, tapeworms and a d u l t  l i v e r  f lukes .  The 
a d d i t i o n  of another  broad spectrum anthe lmint ic  would c o n t r i b u t e  t o  increased  
animal production. 
Mater ia l  and Methods 
Ninety-six cows i n  1983, 105 i n  1984 and 84 i n  1985 were u t i l i z e d  t o  
determine t h e  e f f e c t s  of Albendazole (ABZ) on c a l f  weaning weights  and 
reproduct ive  performance i n  beef cows. I n i t i a l l y ,  cows were randomly a l l o t t e d  t o  
ABZ t reatment  o r  c o n t r o l  groups. In  subsequent years ,  cows remained i n  t h e  same 
group and new animals were randomly a l l o t t e d .  Treatment da t e s  were e i t h e r  March 
o r  Apr i l  and e i t h e r  November o r  December of each year .  Albendazole was 
administered (10 mg/kg body wt) a s  a drench o r  i n  a p e l l e t e d  form a s  a topdress .  
Ten f e c a l  samples were c o l l e c t e d  from each group a t  t h e  time of ABZ 
admin i s t r a t ion  (spr ing  and f a l l )  and again approximately 10  days l a t e r .  Ova i n  
f e c a l  samples were i d e n t i f i e d  and quan t i t a t ed  i n  the  Veter inary  Diagnost ic  
Laboratory (SDSU). The f i r s t  y e a r  cows were weighed i n  the  s p r i n g  and f a l l ;  i n  
subsequent yea r s  only f a l l  weights  were recorded. Calf weights  ad jus t ed  t o  205 
days were taken a t  weaning. Reproductive r a t e s  were determined from ca lv ing  
d a t e s  f o r  cows remaining i n  t h e  herd. Cull  cow reproduct ive performance was 
determined by r e c t a l  pa lpa t ion .  Some cows were u t i l i z e d  f o r  embryo t r a n s f e r  and 
were not  included i n  t h e  ca l cu la t ions .  Animals were maintained on a corn s i l a g e  
and a l f a l f a  hay d i e t  during w i n t e r  supplementation and brome o r  g r a s s  pas tu re  
dur ing  t h e  graz ing  season. The purpose of t h i s  s tudy was t o  confirm t h e  e f f i c a c y  
and s a f e t y  of a  new ABZ formulat ion f o r  beef cows. 
Resul t s  and Discussion 
The i n i t i a l  t rea tment  of ABZ was given i n  March. 1983. P r i o r  t o  ABZ 
t rea tment  and 10 days fol lowing t rea tment  each of t h e  3 yea r s  i n  t h e  s p r i n g  and 
f a l l ,  f e c a l  samples were c o l l e c t e d  from approximately 10  cows i n  each group. 
Feca l  egg counts  f o r  t h e  3 yea r s  a r e  presented i n  t a b l e  1. A t  t h e  i n i t i a t i o n  of 
t h e  t r i a l  p r i o r  t o  ABZ admin i s t r a t i on  ( spr ing ,  19831, t h e r e  was an average of 31  
oocytes  pe r  gram of feces .  F a l l  counts  i n  c o n t r o l  cows were a l s o  e l eva t ed  
compared t o  preceding yea r s  (19.5 oocytes/g9. A f t e r  t h e  f i r s t  yearmfew eggs were 
p re sen t  i n  ABZ-treated o r  c o n t r o l  cows. 
Cow weights  a r e  presented  i n  t a b l e  2. Weights were no t  taken i n  t h e  s p r i n g  
of 1984 and 1985 because of extremely muddy condi t ions .  As would be  expected, 
f a l l  cow weights  i n  1983 were heav ie r  than  sp r ing  weights .  There was no 
d i f f e r e n c e  (P>.05) i n  cow weights  t h e  3 y e a r  of t h e  s tudy.  Cows i n  t h e  
ABZ-treated group had h e a v i e r  weights  than  c o n t r o l  cows. 12,  21 and 20 l b  f o r  
1983, 1984 and 1985, r e spec t ive ly .  There was no d i f f e r e n c e  (P>.059 i n  c a l f  
weaning weights  between ABZ and c o n t r o l  cows dur ing  t h e  t r i a l .  The f i r s t  2  y e a r s  
ca lves  from ABZ-treated cows had h ighe r  weaning weights  b u t  were l i g h t e r  t h e  
t h i r d  y e a r  ( t a b l e  31. H e i f e r  ca lves  during t h e  f i r s t  2  yea r s  averaged 14.5 l b  
and b u l l  c a l v e s  10.5 l b  more from ABZ-treated cows. I n  t h e  t h i r d  y e a r  h e i f e r s  
were 13 l b  l e s s  and b u l l s  6 l b  l e s s  from ABZ-treated cows. A l l  cows dur ing  t h e  
3-year per iod  were managed under i d e n t i c a l  condi t ions .  
I n  t h e  f i r s t  y e a r  of s tudy ,  Hereford cows were used a s  embryo t r a n s p l a n t  
r e c i p i e n t s .  Therefore.  they were excluded from t h e  reproduct ion  d a t a  f o r  1983. 
Reproductive r e s u l t s  of t h e  two cow groups a r e  presented i n  t a b l e  4. Conception 
r a t e s  were s i m i l a r  between t h e  two cow groups each of t h e  3 years .  No d i f f e r e n c e  
(P>.059 was p r e s e n t  between groups f o r  concept ion t o  f i r s t  s e rv i ce .  The only 
d i f f e r e n c e  (Pc.051 between groups was i n  1985 concept ion r a t e  t o  t h e  second A I .  
One of 10 cows conceived i n  t h e  ABZ group compared t o  6 of 10 i n  t h e  c o n t r o l  
group. A l l  cows i n  t h e  c o n t r o l  group conceived during t h e  breeding season i n  
1984 and 1985. 
No s i d e  e f f e c t s  o r  consumption problems were d e t e c t a b l e  due t o  ABZ 
admin i s t r a t i on  dur ing  any of t h e  3 y e a r s  of t h e  s tudy.  
TABLE 1. FECAL EGG COUNTS FROM ABZ TREATED AND CONTROL COWS 
(OOCYTES/G FECES) 
Col lec ted  a t  Col lec ted  10 days 
TBZ t rea tment  a f t e r  t rea tment  
ABZ Control  ABZ Control  
Spring 1983 31 .O .7 
F a l l  1983 2.8 5.9 .5 
Spring 1984 2.4 .2 1.5 
F a l l  1984 .O 1 .O .2 
Spring 1985 . 1 .7 .3 
TABLE 2. WEIGHTS (LB) OF ABZ-TREATED AND CONTROL COWS 
1983 1984 1985 
Spring F a l l  F a l l  F a l l  
ABZ t r e a t e d  
Control  
TABLE 3. CALF WEANING WEIGHTS (LB) FROM ABZ-TREATED AND CONTROL COWS 
1983 1984 1985 
H e i f e r s  B u l l  s He i f e r s  B u l l s  He i f e r s  B u l l s  
ABZ t r e a t e d  49 1 519 485 492 487 5 06 
Control  47 3 502 47 4 488 500 41 2 
TABLE 4. CONCEPTION RATE FOR ABZ-TREATED AND CONTROL COWS 
Conception. % 
To 1st A 1  To 2nd A 1  To clean-up b u l l  
1983 ABZ t r e a t e d  52.6 (16 of 31) 20.0 ( 3 of 15) 50.5 (6 of 12) 
Control  48.3 (14 of 29) 26.7 ( 4 of 15) 54.5 (6 of 11) 
1984 ABZ t r e a t e d  45.0 (18 of 40) 45.5 (10 of 22) 75.0 (9 of 12) 
Control  54.5 (24 of 44) 65.0 (13 of 20) 100.0 (7 of 7) 
1985 ABZ t r e a t e d  64.3 (18 of 28) 10.0 ( 1 of 10) 44.5 (4 of 9) 
Control  64.3 (18 of 28) 60.0 ( 6 of 10) 100.0 (4 of 4) 
CQWARISON OF RALGRO. COIIP(JI]OSE AND m - C  
IHEWHl?S ON !lTlE G R m  PERFORMANCE 
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\ 
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Growth response t o  a s i n g l e  implant was measured i n  suck l ing  s t e e r  and 
h e i f e r  ca lves  graz ing  n a t i v e  range on t h r e e  ranches i n  South Dakota, The s t e e r s  
(628 head) were randomly a l l o t t e d  on each ranch t o  e i t h e r  a Ralgro, Compudose, 
Synovex-C o r  no implant  t reatment .  The h e i f e r s  (714 head) were randomly a l l o t t e d  
on each ranch t o  e i t h e r  a Ralgro, Synovex-C o r  no implant t rea tment .  Implants 
were adminis te red  according t o  manufacturers '  recommendations. The ca lves  were 
weighed a t  t h e  t ime of implant ing and again 163 days l a t e r  a t  weaning. The e a r s  
of s t e e r s  r ece iv ing  a Compudose implant were pa lpa ted  a t  weaning t o  determine 
r e t e n t i o n .  The weight ga in  advantage of implanted s t e e r s  over  c o n t r o l s  ranged 
from 4.5 t o  31.5 l b .  S t e e r s  r ece iv ing  e i t h e r  a Ralgro o r  Synovex-C implant  
gained more weight  (P5.05) than  c o n t r o l s  (13.5 and 16.7 l b . ,  r e s p e c t i v e l y ) .  
Weight ga ins  of s t e e r s  implanted w i t h  Compudose d i d  n o t  d i f f e r  (P>.05) from 
c o n t r o l s .  The weighted average improvement of 12.2 l b .  on implanted s t e e r s  was 
worth $8.78. The weight ga in  advantage of implanted h e i f e r s  over  c o n t r o l s  ranged 
from 8.3 t o  28.6 l b .  He i f e r s  r ece iv ing  e i t h e r  a Ralgro o r  Synovex-C implant  
gained more weight (P,.05) than  c o n t r o l s  (18.5 and 20.6 lb . .  r e s p e c t i v e l y ) .  The 
weighted average improvement of 19.5 l b .  on implanted h e i f e r s  was worth $13.26. 
The r e t e n t i o n  r a t e  of Compudose implants  ranged from 79.1 t o  89.0%. w i t h  an 
o v e r a l l  average of 84.8%. I n  conclusion,  a l l  t h e  implants  appeared t o  g ive  an 
anabol ic  response,  w i t h  t h e  Ralgro and Synwex-C responses being g r e a t e r  (P<.05) 
than con t ro l s .  Di f fe rences  between t h e  weight g a i n s  of implant groups were n o t  
d e t e c t a b l e  (P>.05).  
(Key Words: Implants,  Zearalanol ,  E s t r a d i o l ,  Proges te rone/Es t rad io l  Benzoate, 
Suckling Calves. ) 
In t roduc t ion  
Growth implants  a r e  descr ibed  a s  ' anabol ic  compounds.' This  simply means 
they  promote c o n s t r u c t i v e  metabolism, gene ra l ly  i nc reas ing  p r o t e i n  depos i t ion .  
This  i s  accomplished,by low l e v e l s  of e s t rogen ic  o r  hormone-like subs tances  which 
i n c r e a s e  p i t u i t a r y  s i z e  and t h e  s e c r e t i o n  of growth hormone, which i n  t u r n  
i n c r e a s e  p r o t e i n  depos i t ion .  Estrogens a r e  widespread i n  ou r  normal 
phys io log ica l  environment and i n  our  food supply. I n  t h e  s t r i c t e s t  sense,  an 
e s t rogen  i s  a phenolic  s t e r o i d  which i s  synthes ized  mainly i n  t h e  ovary bu t  a l s o  
i n  t h e  t e s t e s  and t h e  ad rena l  cor tex .  The primary func t ion  of e s t rogens  is t o  
a f f e c t  v a r i o u s  f a c e t s  of female reproduct ion  and secondary sexual  
c h a r a c t e r i s t i c s .  Extensive r e sea rch  has shown t h a t  e s t rogens  and subs tances  w i t h  
e s t rogen ic  a c t i v i t y  improve t h e  growth r a t e  and feed  conversion of c a t t l e  when 
administered a t  r e l a t i v e l y  low l e v e l s .  
Two compressed t a b l e t  e s t rogen ic  anabol ics ,  zea ra l ano l  (Ralgro) and 
e s t r a d i o l  + progesterone (Synovex-C), and an estradiol- impregnated s i l i c o n e  
rubber  implant (Compudose) a r e  used extens ive ly  i n  suckl ing  ca lves  t o  improve 
growth performance. Ralgro implants  c o n s i s t  of t h r e e  p e l l e t s  conta in ing  24 mg of 
zea ra l ano l ,  a  fermentat ion product ion of Gibbere l la  Zea, which e x h i b i t s  
e s t rogen ic  a c t i v i t y  and i s  approved a s  a  growth implant f o r  newborn s t e e r  and 
h e i f e r  ca lves .  Synovex-C c o n s i s t s  of fou r  p e l l e t s  conta in ing  100 mg progesterone 
and 10 mg e s t r a d i o l  benzoate and i s  approved a s  a  growth implant f o r  s t e e r  and 
h e i f e r  ca lves  over  45 days of age. Compudose, a  s i l i c o n e  rubber  implant,  
con ta ins  24 mg e s t r a d i o l  and i s  coated wi th  .7 mg of oxy te t r acyc l ine  powder a s  a  
l o c a l  a n t i b a c t e r i a l  and i s  approved f o r  s t e e r s  from b i r t h  and f e e d l o t  h e i f e r s .  
The dec i s ion  a s  t o  which implant t o  use o r  whether o r  not  implants  a r e  
b e n e f i c i a l  i s  a r e a l  i s s u e  t o  our  ranchers.  With t h e  a d d i t i o n  of new implants  on 
t h e  market, t h i s  ques t ion  i s  more confusing. Thus, a d d i t i o n a l  l a r g e  s c a l e  f i e l d  
comparisons a r e  needed t o  i l l u s t r a t e  t h e  b e n e f i t s  from implanting a s  w e l l  a s  t o  
compare implants.  The ob jec t ive  of t h i s  study was t o  compare t h e  growth 
performance of suckl ing  ca lves  rece iv ing  a s i n g l e  implant of e i t h e r  Ralgro, 
Compudose o r  Synovex-C. 
Mate r i a l s  and Methods 
The t r i a l s  were conducted on t h r e e  ranches i n  South Dakota. In  t o t a l  628 
s t e e r s  were randomly a l l o t t e d  t o  rece ive  e i t h e r  a  Ralgro, Synovex-C o r  Compudose 
implant o r  no implant.  The 714 h e i f e r s  were randomly a l l o t t e d  t o  r ece ive  e i t h e r  
a  Ralgro o r  Synovex-C implant o r  no implant. The ca lves  ranged from 4 t o  8 weeks 
of age a t  t he  time of implanting. Implanting was one of s eve ra l  processes  
performed on t h e  ca lves  a t  t h i s  time. The processing cons i s t ed  of ear tagging ,  
branding, dehorning, c a s t r a t i n g ,  vacc ina t ing ,  f ly t agg ing  and weighing. 
Processing o t h e r  than  implant a l l o c a t i o n  was the  same f o r  a l l  ca lves  on t h e  same 
ranch. The ca lves  were pas tured  on n a t i v e  range w i t h  t h e i r  dams f o r  an average 
of 163 days before  weaning, a t  which time a l l  t h e  ca lves  were aga in  i n d i v i d u a l l y  
weighed and those  rece iv ing  Compudose were pa lpa ted  f o r  r e t en t ion .  There were no 
ca lves  from f i r s t  c a l f  h e i f e r s  used i n  t h e  study. The breeding of t h e  ca lves  and 
t h e i r  dams d i f f e r e d  from ranch t o  ranch but  was uniform on t h e  same ranch. 
A l l  implants  were appl ied  only once a t  t h e  i n i t i a t i o n  of t h e  t r i a l s .  Both 
Compudose and Synovex-C were administered subcutaneously i n  t h e  median s u r f a c e  of 
t h e  ear .  Ralgro was administered subcutaneously behind t h e  e a r  a t  t h e  base  of 
t h e  head. 
The d a t a  a r e  repor ted  by sex  f o r  each ranch l o c a t i o n  wi th  a  summary f o r  a l l  
ranches. Analysis  of va r i ance  and l e a s t  s i g n i f i c a n t  d i f f e rences  were app l i ed  t o  
t h e  d a t a  t o  t e s t  f o r  d i f f e r e n c e s  between treatments .  
Resul t s  and Discussion 
Although d i f f e r e n c e s  were no t  s i g n i f i c a n t  (P>.05) on a l l  ranches, t h e  s t e e r  
ca lves  rece iv ing  an implant d id  ga in  more than t h e  c o n t r o l  s t e e r s  ( t a b l e  1). The 
weight ga in  advantage of implanted s t e e r s  over c o n t r o l s  ranged from 4.5 t o  31.5 
l b .  When a l l  t h e  d a t a  were combined. t h e  ranking of response i n  t h e  o rde r  of 
g r e a t e s t  t o  l e a s t  t o  an implant was Synovex-C, then  Ralgro followed by Compudose. 
S t ee r s  r ece iv ing  e i t h e r  a  Ralgro o r  Syonvex-C implant gained more weight (P5.05) 
than nonimplanted s t e e r s  (13.5 and 16.7 lb, .  r e spec t ive ly )  . Weight ga ins  of 
s t e e r s  implanted wi th  Compudose d i d  not  d i f f e r  (P>.05) from c o n t r o l s .  
Di f fe rences  between t h e  weight ga ins  of implanted groups were no t  d e t e c t a b l e  
(P>.05) .  The weighted average improvement of 12.2 l b  on implanted s t e e r s  was 
worth $8.78 on a $72 s t e e r  c a l f  market o r  a t o t a l  of $5.516.35 f o r  t h e  628 s t e e r s  
i n  t h i s  s tudy.  
Pa lpa t ion  of t h e  e a r s  of Compudose-implanted s t e e r s  revea led  t h a t  a 
s u b s t a n t i a l  number of implants  were missing a t  weaning. The r e t e n t i o n  r a t e  
ranged from 79.1% t o  89.0% wi th  an o v e r a l l  average of 84.8% ( t a b l e  1 ) .  When t h e  
d a t a  on s t e e r s  which l o s t  t h e i r  Compudose implant were removed. anabo l i c  response 
was more s i m i l a r  t o  s t e e r s  implanted w i t h  Ralgro and Synwex-C. 
He i f e r  c a l v e s  r ece iv ing  an implant gained s i g n i f i c a n t l y  (P<.05) more weight 
than  c o n t r o l s  i n  a l l  c a ses  except t h e  Ralgro t rea tment  on t h e   ors son County ranch 
( t a b l e  2) .  The weight ga in  advantage of implanted h e i f e r s  over  c o n t r o l s  ranged 
from 8.3 t o  28.6 l b .  Both Ralgro and Synavex-C c o n s i s t e n t l y  improved weaning 
weights  (P<.05) over nonimplanted h e i f e r s  (18.5 and 20.6 l b .  r e s p e c t i v e l y ) .  
~ i f f e r e n c e s -  between t h e  weight ga ins  of implant groups were n o t  d e t e c t a b l e  
(P>.05).  The weighted average improvement of 19.5 l b  on implanted h e i f e r s  was 
worth $13 -26 on a $68 h e i f e r  c a l f  market o r  a t o t a l  of $9.467.64 f o r  t h e  714 
h e i f e r s  i n  t h i s  s tudy,  
I n  conclusion.  a l l  t h e  implants  appeared t o  g ive  an anabol ic  response wi th  
t h e  Ralgro and Synovex-C t rea tments  being g r e a t e r  (P<.05) than  c o n t r o l s .  
Implant ing suckl ing  ca lves  i s  an economical product ion -p rac t i ce  f o r  ranchers  
engaged i n  commercial beef product ion.  
TABLE 1. PERFORMANCE OF SUCKLING STEER CALVES WCEIVING ONE IMPLANT 
OF EITHER RALGRO. COMmTDOSE OR SYNOVEX-C 
Implant t rea tments  ( l b )  
Ranch Item Ralgro . Compudose Control  Synovex-C P** 
Corson County (177 days) 
No. c a l v e s  
Beg. w t .  
Weaning w t  . 
Gain 
Advantage 
Jones  County (164 days) 
No. ca lves  
Beg. w t .  
Weaning w t  . 
Gain 
Advantage 
Faulk County (163 days) 
No. c a l v e s  
Beg. w t .  
Weaning w t .  
Gain 
Advantage 
Summary 
No. c a l v e s  
Beg. w t .  
Weaning w t .  
Gain 
Advantage 
a*b*c  Means i n  t h e  same row no t  sha r ing  a common s u p e r s c r i p t  d i f f e r  (Pc.05).  - 
*Figures i n  p a r e n t h e s i s  exclude animals which l o s t  t h e i r  implant.  
**Probabi l i ty  of a t t a i n i n g  a g r e a t e r  F-value from AOV. 
TABLE 2. PERFORMANCX OF SUCKLING HEIFER CALVES RECEIVING ONE IMPLANT 
OF EITHER RAtGRO OR SYNOVEX-C 
Implant t rea tments  ( l b )  
Ranch Item Ralgro Control Synovex-C P* 
Corson County (177 days) 
No. ca lves  7 5 7 1 7 6 
Beg. w t .  115.4 119.3 117.9 -26 
Weaning w t  . 456.6 452.1 465 -7 -13 
Gain 341 . l ab  332,8a 347.8b -03 
Advantage 8.3ab 0 a 15.0b .03 
Jones County (164 days) 
No. ca lves  105 108 9 9 
Beg. w t .  181.1 179.1 177.2 .62 
Weaning w t .  498.4 477.8 497.9 .001 
Gain 317.3b 298. l a  320.7b .0001 
Advantage 19,2b Oa 22,6b .000f 
Faulk County (163 days) 
No. ca lves  6 1 6 2 57 
Beg. w t .  157.5 163 .O 165.3 .44 
Weaning w t  . 543.4 520.4 545.6 .02 
Gain 385.9b 357.3a 380.2b .0001 
Advantage 28.6b 0 a 22.9b .0001 
Summary 
No. ca lves  2 41 2 41 23 2 
Beg. w t .  154.7 157.6 154.9 .64 
Weaning w t .  496.8 481.2 499.1 .001 
Gain 342.1b 323.6a 344.2b .0001 
Advantage 18.5b 0 a 20.6b .0001 
asb  Means i n  t h e  same row not  shar ing  a common s u p e r s c r i p t  d i f f e r  (P<.05).  - 
*Probabi l i ty  of a t t a i n i n g  a g r e a t e r  F-value from AOV. 
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Summary 
Growth response t o  a  s i n g l e  implant was measured i n  y e a r l i n g  s t e e r s  grazing 
n a t i v e  range on two ranches i n  South Dakota. The s t e e r s  (724 head) were randomly 
a l l o t t e d  on each ranch t o  e i t h e r  a  Ralgro. Compudose, Synovex-S o r  no implant 
t reatment .  Implants were administered according t o  manufacturers 
recommendations. The y e a r l i n g s  were weighed a t  t h e  time of implant ing i n  t h e  
sp r ing  and again  116 t o  148  days l a t e r .  The e a r s  of t h e  s t e e r s  r ece iv ing  
Compudose were pa lpa ted  a t  t h e  end of t h e  t r i a l  t o  determine r e t en t ion .  The 
weight advantage of implanted s t e e r s  over c o n t r o l s  ranged from 12.1 t o  30.1 l b .  
A l l  implants.  Ralgro, Compudose and Synovex-S improved ga ins  s i g n i f i c a n t l y  
(PC.05) over  c o n t r o l s  except one case  where the  Compudose advantage of 12.1 l b  
over  c o n t r o l s  was no t  s i g n i f i c a n t  (P>.05).  Pa lpa t ion  of t h e  e a r s  revealed t h a t  
Compudose r e t e n t i o n  was e x c e l l e n t  f o r  t h e  y e a r l i n g  c a t t l e .  The weighted average 
improvement i n  g a i n  of 22.3 l b  was worth $14.51 on a  $65 y e a r l i n g  market o r  a  
t o t a l  of $10,510 f o r  t h e  724 y e a r l i n g s  eva lua ted  i n  t h i s  study. This  c l e a r l y  
i l l u s t r a t e s  t h e  economic advantage of implanting. 
(Key Words: Implants,  Growth Performance, Yearl ing S tee r s ,  Native Range.) 
In t roduct ion  
With today ' s  high product ion cos t s ,  t h e  rancher  needs t o  t a k e  f u l l  advantage 
of any t o o l ,  product or  management scheme which w i l l  r e t u r n  more n e t  d o l l a r s  t o  
h i s  e n t e r p r i s e .  Growth implants  i nc rease  the  n e t  r e t u r n  p o t e n t i a l  and have been 
shown t o  be c o s t  e f f e c t i v e .  Commercial companies now o f f e r  implants  which w i l l  
i nc rease  the  growth performance of suckl ing  ca lves  and y e a r l i n g s  on grass .  
Growth implants  a r e  descr ibed  a s  anabol ic  "compounds". This  simply means 
t h a t  they promote cons t ruc t ive  metabolism, genera l ly  inc reas ing  p r o t e i n  
depos i t ion .  This  is accomplished by low l e v e l s  of e s t rogen ic  o r  hormone-like 
substances which inc rease  p i t u i t a r y  s i z e  and t h e  s e c r e t i o n  of growth hormones 
which i n  t u r n  inc rease  p r o t e i n  deposi t ion.  Estrogens a r e  widespread i n  our  
normal phys io logica l  environment and i n  our food supply. I n  the  s t r i c t e s t  sense. 
an es t rogen is  a  phenolic  s t e r o i d  which i s  synthesized mainly i n  t h e  ovary bu t  
a l s o  i n  t h e  t e s t e s  and t h e  adrenal  cor tex .  The primary funct ion  of es t rogens  is  
t o  a f f e c t  va r ious  f a c e t s  of female reproduct ion and secondary sexual  
c h a r a c t e r i s t i c s .  Extensive research  has shown t h a t  es t rogens  and substances wi th  
e s t rogen ic  a c t i v i t y  improve t h e  growth r a t e  and feed conversion of c a t t l e  when 
administered a t  r e l a t i v e l y  low l e v e l s .  
Ralgro, a s y n t h e t i c  substance which e x h i b i t s  e s t rogen ic  a c t i v i t y ,  known a s  
Zeranol is  a  fermentat ion product of Gibbere l la  zeae. Synovex implants a r e  from 
n a t u r a l  e s t rogens  and a r e  recommended f o r  s p e c i f i c  sexes.  Synovex-S f o r  s t e e r s  
i s  a  compound of 20 mg e s t r a d i o l  benzoate  p l u s  200 mg progesterone.  Compudose i s  
a l s o  a  n a t u r a l  es t rogen ,  estradiol-17B. The mode of a c t i o n  of a l l  implants  is  
b a s i c a l l y  t h e  same. 
The d e c i s i o n  a s  t o  which implant  t o  u se  o r  whether o r  n o t  implants  a r e  
b e n e f i c i a l  i s  a  r e a l  i s s u e  t o  producers.  Thus a d d i t i o n a l  l a r g e  s c a l e  f i e l d  
comparisons a r e  needed t o  i l l u s t r a t e  t h e  b e n e f i t s  from implant ing a s  w e l l  a s  t o  
compare implants .  The o b j e c t i v e  of t h e s e  s t u d i e s  was t o  compare t h e  in f luence  of 
implants  on t h e  growth performance of y e a r l i n g  s t e e r s  graz ing  n a t i v e  summer 
range. 
Ma te r i a l s  and Methods 
The t r i a l s  were conducted w i t h  t h r e e  herds  of y e a r l i n g s  graz ing  s e p a r a t e l y  
on two ranches i n  South Dakota. I n  t o t a l .  724 y e a r l i n g  s t e e r s  were randomly 
a l l o t t e d  t o  r e c e i v e  a  s i n g l e  implant of e i t h e r  Ralgro. Compudose, Synovex-S o r  no 
implant t reatment .  The breed background on each y e a r l i n g  was taken i n t o  
cons ide ra t ion  t o  al low breed groups t o  be  a l l o t t e d  a c r o s s  t rea tments .  Implanting 
w a s  one of s e v e r a l  p rocesses  performed on t h e  y e a r l i n g s  i n  May of 1986. The 
process ing  a l s o  included ear tagging ,  f l y  tagging,  branding, dehorning i f  needed. 
v a c c i n a t i n g  and weighing. P r a c t i c e s  o t h e r  than  implant ing were t h e  same f o r  a l l  
y e a r l i n g s  w i t h i n  t h e  same group on t h e  same ranch. The y e a r l i n g s  grazed n a t i v e  
range f o r  116 t o  149 days and rece ived  no supplement. A t  t h e  end of t h e  
des igna ted  graz ing  per iod ,  t h e  y e a r l i n g s  were weighed i n d i v i d u a l l y  and those  i n  
t h e  Compudose t rea tment  were pa lpa ted  f o r  implant r e t en t ion .  The breeding on t h e  
y e a r l i n g s  d i f f e r e d  from ranch t o  ranch b u t  was uniform on t h e  same ranch. 
1 implants  were app l i ed  only once a t  t h e  i n i t i a t i o n  of t h e  t r ials  i n  mid- 
t o  e a r l y  May, 1986. Both Compudose and Synovex-S were adminis te red  subcutaneous 
i n  t h e  median s u r f a c e  of t h e  ear .  Ralgro was administered subcutaneously behind 
t h e  e a r  a t  t h e  base of t h e  head. 
The d a t a  a r e  r epo r t ed  f o r  each ranch l o c a t i o n  w i t h  a  summary f o r  a l l  
ranches. Analysis  of va r i ance  and l e a s t  s i g n i f i c a n t  d i f f e r e n c e s  were app l i ed  t o  
t h e  d a t a  t o  t e s t  f o r  d i f f e r e n c e s  between t rea tments  ( S t e e l  and Torr ie .  1960).  
Resu l t s  and Discussion 
Table 1 summarizes t h e  r e s u l t s  of t h e  s tudy.  The implant response ranged 
from 12.1 t o  30.1 l b .  A l l  implants.  Ralgro. Compudose and Synovex-S, improved 
ga ins  s i g n i f i c a n t l y  (P<.05) over  c o n t r o l s  except  one case  where t h e  Compudose 
advantage on Ranch C of 12.1 l b  over c o n t r o l s  was n o t  s i g n i f i c a n t  (P>.05) .  
Although a t r end  was apparent  i n  t h e  d a t a  a s  t o  which implants  improved g a i n s  t h e  
g r e a t e s t ,  no s i g n i f i c a n t  d i f f e r e n c e s  occurred between implant t rea tments .  Ralgro 
and Synovex-S implants  were c o n s i s t e n t  i n  r e s u l t i n g  i n  g r e a t e r  g a i n s  than  t h e  
Compudose-implanted c a t t l e .  The weighted average improvement i n  ga in  of 22.3 l b  
w a s  worth $14.51 on a  $65 y e a r l i n g  market o r  a t o t a l  of $10,510 f o r  t h e  724 
y e a r l i n g s  eva lua ted  i n  t h i s  study. This  c l e a r l y  i l l u s t r a t e s  t h e  economic 
advantage of implanting. 
Pa lpa t ion  of t h e  e a r s  of t h e  Compudose-implanted s t e e r s  revea led  t h a t  
implant  r e t e n t i o n  i n  y e a r l i n g  c a t t l e  i s  e x c e l l e n t  (99%). The apparent  problems 
w i t h  r e t e n t i o n  i n  y e a r l i n g  c a t t l e  when Compudose was f i r s t  in t roduced  has been 
overcome w i t h  an a n t i b i o t i c  coa t ing  on t h e  implant.  
I n  conc lus ion ,  a l l  t h e  imp lan t s  appeared t o  g i v e  an a n a b o l i c  response w i t h  
g a i n s  a l l  b e ing  s i g n i f i c a n t l y  g r e a t e r  t han  t h e  c o n t r o l s .  Ralgro and Synovex-S 
t r e a t m e n t s  were  c o n s i s t e n t l y  bu t  n o t  s i g n i f i c a n t l y  g r e a t e r  t han  t h e  
Compudose-treated y e a r l i n g s .  The r e s u l t s  of t h i s  s tudy  a r e  c o n s i s t e n t  w i t h  
r e p o r t e d  l i t e r a t u r e  and c l a ims  of t h e  independent  manufac ture rs .  
TABLE 1. SUMMER PERFORMANCE OF YEARLING STEERS RECEIVING ONE 
IMPLANT OF EITHER RALGRO, COMPUDOSE OR SYNOVEX-S 
Implant t rea tments  
Ranch Item Control Ral gro Compudose Synovex- S 
l b  
A (116 days) 
No. y e a r l i n g s  5 3 54  54 54  
Beg. w t  600.2 588.9 600.5 597.5 
Ending w t 838.8 857 -0  863.5 866.2 
Gain 238.6b 268.0a 262.9a 268.7a 
Advantage 0b 29.4a 24.3a 30 . la  
B (127 days) 
No. y e a r l i n g s  41 42 42 41 
Beg. w t  675.5 658.2 679.1 693 .O 
Ending w t 860.0 870.3 884.4 903.2 
Gain 184.5b 212.la 205.2a 210.la 
Advantage 0b 27.6a 20.7a 25.6a 
e (149 days) 
No. y e a r l i n g s  85 86 8 4 8 8 
Beg. w t  625.7 631.1 638.1 627.4 
Ending w t 825.3 847.6 849.8 850.9 
Gain 199.6b 216.5a 211.7ab 223.5a 
Advantage 0 b 16.9a 12. lab 2 3 . P  
Summary (131-day avg) 
No. y e a r l i n g s  17 9 182 1 80 1 83 
Beg. w t  629.5 624.9 636.4 633.3 
Ending w t 837.2 855.7 861.9 867.1 
Gain 207.7a 230.8b 225.5b 233.8b 
Advantage 0 a 23. l b  17.8b 26. l b  
- -  
anb Means i n  t h e  same raw not  shar ing  a common s u p e r s c r i p t  d i f f e r  (P< .05). 
KFPECTS OF ANABOLIC IMPLAKTS ON REPRODUCTIVE l?lJNCTIOR, CARCASS 
CEARACTERISTICS AND PEWORMNCE IN POSlWEANED BgEP B a s  
S. J. Gordon, H. L .  Mi l le r ,  D. H. Gee, 
B. A. P e t i t j e a n  and.R. L. Hanson 
Department of Animal and Range Sciences 
Summary 
Angus b u l l s  averaging 620 l b  were used t o  study t h e  e f f e c t s  of implants on 
performance, ca rcas s  c h a r a c t e r i s t i c s  and reproduct ive parameters of i n t a c t  males. 
Sixty-six b u l l s  were randomly assigned t o  f o u r  t reatments .  These t rea tments  were 
(1) nonimplanted, ( 2 )  implanted wi th  36 mg of Ralgro every 60 t o  70 days, 
(3) implanted w i t h  220 mg of Synovex-S every 60 t o  70 days, (4)  implanted w i t h  24 
mg of Compudose every 180 days. Body weights were taken a t  t h e  i n i t i a t i o n  of t h e  
t r i a l  and every 28 days. Blood samples were c o l l e c t e d  v i a  jugu la r  venipuncture 
weekly f o r  9 weeks and then  monthly f o r  4 months wi th  the  f i n a l  sample taken a t  
s l augh te r .  Blood was evaluated f o r  t e s tos t e rone ,  l u t e i n i z i n g  hormone and growth 
hormone l e v e l s .  B u l l s  were on t e s t  217 days. F ina l  average weight and h i p  
he ight  were 1142 l b  and 49.6 in . ,  respec t ive ly .  Nonimplanted b u l l s  had t h e  
l a r g e s t  f i n a l  s c r o t a l  circumference of 39.6 cm compared t o  38.8 cm f o r  Ralgro-, 
38.6 cm f o r  Compudose- and 37.8 cm f o r  Synovex-implanted b u l l s .  Implanting 
postweaning had l i t t l e  e f f e c t  on average d a i l y  gain,  h i p  he ight ,  t e s t i c u l a r  
weight,  t e s tos t e rone ,  l u t e i n i z i n g  hormone l e v e l s  and sperm chromatin s t r u c t u r e .  
Synovex implanted b u l l s  had t h e  h ighes t  growth hormone l e v e l s .  Compudose- and 
Synovex-implanted b u l l s  had t h e  heav ies t  (PC .01) ca rcas s  weights  and d res s ing  
percentage.  Also, t h e  Synovex-implanted b u l l s  had t h e  g r e a t e s t  (P<.01) f a t  
th ickness  a t  t h e  12 th  r i b  and l e a s t  d e s i r a b l e  y i e l d  grade. No d i f f e r e n c e  was 
present  f o r  longissimus muscle, and KPH f a t .  
(Key Words: Implants,  Bu l l s ,  Performance, Carcass, Hormones.) 
In t roduct ion  
The c a t t l e  product ion op t ion  of feeding young b u l l s  f o r  meat is u t i l i z e d  on 
a  ve ry  l i m i t e d  b a s i s  i n  t h e  United S ta t e s .  Bu l l  beef product ion i s  t h e  major 
system of beef product ion i n  Europe. Young b u l l s  grow f a s t e r  and a r e  more 
e f f i c i e n t  red  meat producers than s t e e r s .  However, b u l l s  a r e  not  popular i n  
f e e d l o t s  due t o  increased  management problems r e s u l t i n g  from more aggress ive  
behavior.  
Bu l l s  y i e l d  5.5% more boxed beef and c u t  17% l e s s  f a t  trim than s t e e r s .  
Yet, bu l lock  ca rcas ses  f requent ly  have lower q u a l i t y  grades than  steers. 
Tenderness r a t i n g s  a r e  gene ra l ly  lower f o r  b u l l s  than  s t e e r s  of t h e  same age. 
Implanting i n h i b i t s  t e s t i c u l a r  growth when administered t o  prepuber ta l  
b u l l s .  Implanting b u l l s  of o l d e r  ages appears t o  have l i t t l e  e f f e c t  on s c r o t a l  
circumference o r  t e s t i c l e  weight. L i t t l e  work has been done on semen q u a l i t y .  
However, implanta t ion  preweaning has a de t r imenta l  e f f e c t  on t e s t i c u l a r  
development. 
Experimental Procedure 
Af t e r  weaning. 66 Angus b u l l  ca lves  were t r anspor t ed  t o  t h e  Southeast  
Experiment S t a t ion .  Beresford.  South Dakota. where they  remained on t e s t  
217 days. They were randomly a l l o t t e d  t o  f o u r  t reatments .  (1) nonimplanted. 
(2)  Ralgro. (3)  Synovex-S and (4) Compudose. and d iv ided  i n t o  pens w i t h  e i g h t  o r  
n ine  animals  pe r  pen. 
The implanted b u l l s  were reimplanted every 60 t o  70 days f o r  Ralgro and 
Synovex and every 180 days f o r  Compudose. C a t t l e  were s t a r t e d  on an ad l i b i t u m  
d i e t  of 45% corn and 55% a l f a l f a  hay. The r a t i o n  was increased  p rog res s ive ly  t o  
a  f i n a l  r a t i o n  of 73% corn. 22% corn s i l a g e  and 5% mineral  supplement f o r  t h e  
l a s t  120 days of t h e  t r i a l .  I nd iv idua l  weights  were recorded a t  28-day 
i n t e r v a l s .  Hip he ight .  measured i n  cent imeters  a t  t h e  h ip ,  and s c r o t a l  
circumference. measured w i t h  a  metal  tape.  were taken f o r  a l l  i n d i v i d u a l s  a t  t h e  
i n i t i a t i o n  and te rmina t ion  of t h e  t r i a l .  Blood samples were c o l l e c t e d  weekly f o r  
9  weeks and then  monthly f o r  3  months, w i th  t h e  f i n a l  c o l l e c t i o n  j u s t  p r i o r  t o  
s l augh te r .  Blood was cen t r i fuged  and f rozen  a t  -24 C u n t i l  hormone a n a l y s i s .  
L a t e r  t h e  serum w a s  assayed f o r  t e s to s t e rone .  growth hormone and l u t e i n i z i n g  
hormone by radioimmunoassay . 
On J u l y  15,  1985, one pen pe r  t rea tment  was t r anspor t ed  t o  a  commercial 
packing p l a n t .  The remaining b u l l s  were s l augh te red  J u l y  22. 1985. To avoid 
p re s l augh te r  s t r e s s ,  a l l  b u l l s  were s laughtered  immediately upon a r r i v a l  a t  t h e  
p l an t .  The v a s  deferens  were removed from t e s t e s  a t  t h e  s l a u g h t e r  p l a n t  and 
sperm s t r i p p e d  from t h e  v a s  deferens  t o  be  measured by flow cytometry. A f t e r  
s l a u g h t e r ,  ho t  c a r c a s s  weights  were recorded and t e s t e s  were removed. The t e s t e s  
were placed on i c e  and t r anspor t ed  back t o  t h e  l abo ra to ry  where t e s t e s  weights  
were recorded. Carcass d a t a  were obta ined  24 hours postmortem wi th  t h e  
a s s i s t a n c e  of a  USDA grader .  Marbling, ma tu r i t y  score ,  f i n a l  q u a l i t y  grade, 
a d j u s t e d  f a t  t h i ckness  and kidney, h e a r t  and p e l v i c  f a t  were recorded. The 
longiss imus  d o r s i  muscle was t r a c e d  a t  t h e  1 2 t h  r i b  f o r  each ca rcas s  and l a t e r  
t h e  a r e a  was determined by a  compensating p o l a r  planimeter .  
Resu l t s  and Discussion 
Implant ing b u l l s  a f t e r  weaning had l i t t l e  e f f e c t  on performance t r a i t s  
( t a b l e  1 ) .  A l l  groups had s i m i l a r  i n i t i a l  weight,  f i n a l  weight ,  weight ga in  and 
average d a i l y  gain.  Anabolic agents  had l i t t l e  e f f e c t  on h i p  he ight .  S k e l e t a l  
growth measured by h i p  he ight  was s i m i l a r  i n  a l l  groups. 
T e s t i c u l a r  parameters a r e  included i n  t a b l e  1. There was no d i f f e r e n c e  i n  
s c r o t a l  c i rcumference ga in  during t h e  t r i a l .  However, f i n a l  s c r o t a l  
c i rcumference was l e s s  (P>.05) f o r  Synovex implanted b u l l s  than  c o n t r o l s  bu t  no t  
d i f f e r e n t  than  t h e  o t h e r  implanted groups. Control b u l l s  had t h e  l a r g e s t  
numerical f i n a l  s c r o t a l  circumference s i z e  and s c r o t a l  circumference gain dur ing  
the  t r ia l .  Considerable  numeric d i f f e r e n c e  was p re sen t  i n  t e s t i c u l a r  weight bu t  
was n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .  S imi la r  t o  s c r o t a l  circumference, c o n t r o l  
b u l l s  had t h e  h ighe r  t e s t i c u l a r  weight and Synovex-implanted b u l l s  t h e  lowest.  
Implant ing had l i t t l e  e f f e c t  on t e s t i c u l a r  weight i n  b u l l s  implanted a f t e r  
weaning. 
Means f o r  c a r c a s s  d a t a  a r e  presented i n  t a b l e  2. Carcass weights  f o r  
Compudose- and Synovex-implanted b u l l s  were heav ie r  (P>.05) than Ralgro and 
c o n t r o l  b u l l s .  Longissirnus muscle a r ea ,  kidney, p e l v i c  and h e a r t  f a t  and 
marbling were s i m i l a r  among treatments .  Fa t  th ickness  measured a t  t he  12 th  r i b  
was g r e a t e r  (P>.05) f o r  Synovex than the  o t h e r  t h r e e  groups. The g r e a t e r  f a t  
th ickness  i n  t h e  implanted b u l l s  increased  t h e  USDA y i e l d  grade t o  2.8 compared 
t o  c o n t r o l  b u l l s  (2.4). Compudose- (2.4) and Ralgro- (2.4) implanted b u l l s .  
Compudose- and Synovex-implanted b u l l s  had the  h ighes t  (Pc.05) d re s s ing  
percentage (63.2 and 62.6%. r e spec t ive ly )  compared t o  Ralgro (61.7%) and c o n t r o l  
(61 .O%). 
There was l i t t l e  d i f f e r e n c e  i n  serum chromatin s t r u c t u r e  measured by flow 
cytometry between t h e  f o u r  t reatments .  Considerable v a r i a t i o n  i n  sperm c e l l s  was 
p resen t  w i t h i n  t reatment  groups. Postweaning implanting w i t h  anabol ic  agents  had 
l i t t l e  e f f e c t  on sperm parameters measured. 
There was no ' ilif fe rence  due t o  any of t he  implants f o r  t e s t o s t e r o n e  o r  
l u t e i n i z i n g  hormone l e v e l s .  Mean t e s t o s t e r o n e  l e v e l s  during t h e  t r i a l  were 8.9, 
8.6,  8.3 and 7.4 ng/ml f o r  Ralgro, Compudose, Synovex and c o n t r o l  groups, 
r e spec t ive ly .  During t h e  du ra t ion  of t h e  experiment, a l l  groups had s i m i l a r  
t e s t o s t e r o n e  l e v e l s  during each c o l l e c t i o n  period. Average l u t e i n i z i n g  hormone 
l e v e l s  during t h e  t r i a l  were .14, .13, .ll and .ll ng/ml f o r  Synovex, con t ro l ,  
Ralgro and Compudose, respec t ive ly .  There was no d i f f e r e n c e  i n  l u t e i n i z i n g  
hormone l e v e l s  (P>.05) between t h e  fou r  groups. 
All t h r e e  implants  r e s u l t e d  i n  increased  growth hormone l e v e l s  compared t o  
con t ro l s .  However, t he  only s i g n i f i c a n t  i nc rease  (Pc.05) i n  growth hormone 
occurred i n  t h e  Synovex group compared t o  con t ro l s .  Mean growth hormone l e v e l s  
f o r  Synovex, Ralgro, Compudose and c o n t r o l  groups during t h e  t r i a l  were 54.8, 
46.8, 44.6 and 32.0 mg/ml, respec t ive ly .  
Resul t s  of t h i s  study i n d i c a t e  implant ing b u l l s  a f t e r  weaning has l i t t l e  
e f f e c t  on performance, t e s t i c u l a r  weight,  longissimus d o r s i  muscle a rea ,  kidney, 
p e l v i c  and h e a r t  f a t ,  marbling and sperm chromatin s t r u c t u r e  but  d i d  e f f e c t  
s c r o t a 1  circumference, f a t  th ickness ,  dress ing  percentage, USDA q u a l i t y  grade,  
ca rcas s  weights  and GH l e v e l s .  From these  d a t a  t h e r e  a r e  minimal e f f e c t s  of 
implant ing b u l l s  a f t e r  weaning on reproduct ive funct ion ,  performance o r  hormone 
l e v e l s .  
TABLE 1. LEAST-SQUARES MEANS FOR PERFORMANCE. HIP HEIGHT AND TESTICULAR PARAMETERS 
No. of 
observ- 
Item v a t i o n s  Cont ro l  Ral g r o a  Synovexa ~ o m ~ u d o s e b  
I n i t i a l  w t . .  kg 66 280 - + 5.4  274 - + 2.2 282 + 5.2 289 
- - + 5.4  
F i n a l  w t . , kg 
Avg d a i l y  ga in .  kg/day 64 1.11 - + .04 1.03 - + .04 1.14 - + .04 1 .08  - + .04 
Hip h e i g h t ,  cm 
I n i t i a l  
F i n a l  
GainC 
S c r o t a 1  circumferemce, cm 
I n i t i a l  66 25.8 + .60 25.8 + .59 26.1 + .59 27.6 + .60 
F ina l*  64  39.6e 7 .44 38.8ef T - .41 37.8f T .41 38.6ef - T .44 
~ a i n d  64  13.5 T - .76 13.0 - + .72 11.7 T - .72 10 .8  - + .76 
T e s t i c u l a r  w t . .  g 64 602.1 - + 27.20 581.7 - + 25.20 522.3 - + 25.50 584.3 - + 27.20 
a Implanted a t  day 0 and every 60 t o  70 days.  
b Implanted a t  days  0 and 180. 
I n c r e a s e  i n  h e i g h t  d u r i n g  t h e  t r i a l .  
Gain i n  s c r o t a 1  c i rcumference  d u r i n g  t h e  t r i a l .  
eef  Means i n  t h e  same row n o t  b e a r i n g  a common s u p e r s c r i p t  d i f f e r  (P<.05) .  
*P< .05. 
TABLE 2. LEAST-SQUARES MEANS FOR CARCASS TRAITS 
Cont ro l  Ral g r o a  Synovexa ~ o m ~ u d o s e b  
No. of o b s e r v a t i o n s  1 5  17 17 
Hot c a r c a s s  w t . ,  kg* 318fg - + 6.5 3078 - + 6.1 332f - + 6.1 
Longissimus muscle a r e a ,  cm2 78.8 + 1 .9  76.2 + 1.7 8.7 + 1 . 7  
F a t  t h i c k n e s s ,  mg** 9.058 5 - .71 8.32g - .66 11.55f 5 - .66 
E s t  KPH f a t ,  % C  1 . 4  + .ll 1 . 4  5 .10 1 . 5  + .10 
USDA y i e l d  grade* 2.438 7 .ll 2.38g + .18 2.82f .ll 
Marbling s c o r e d  4.36 T .19 3.90 .18 4.19 .18 
F 
o USDA q u a l i t y  g r a d e e  6.00 .25 5.00 ? .24 6.00 T .24 
Dress ing  percentage* 61.08 - .46 61.78 7 - .44 62.6f - .44 
a Implanted a t  day 0 and every  60 t o  70 days.  
Implanted a t  days  0 and 180. 
Est imated k idney ,  p e l v i c  and h e a r t  f a t .  
Marbling 1-8, 1 = p r a c t i c a l l y  devoid,  4 = smal l ,  8 = moderate ly  abundant. 
e Q u a l i t y  g r a d e  1-8, 1 = low s t a n d a r d ,  5 = high  good, 8 = h i g h  cho ice .  
f * g  Means i n  t h e  same row n o t  b e a r i n g  a common s u p e r s c r i p t  d i f f e r  (PC.05). 
*P< .05. 
**P< .01. 
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Summary 
Flank spaying of i n t a c t  y e a r l i n g  h e i f e r s  has been a r o u t i n e  procedure f o r  
ranchers  f o r  s e v e r a l  years .  Most r e c e n t l y  a new technique  c a l l e d  rumen 
a u t o g r a f t i n g  has  c r e a t e d  a l o t  of i n t e r e s t  w i th  ranchers .  The technique involves  
implant ing o r  g r a f t i n g  a smal l  p i ece  of ovar ian  t i s s u e  i n t o  t h e  o u t s i d e  l i n i n g  of 
t h e  rumen wa l l .  A t r i a l  was i n i t i a t e d  on May 14. 1986. t o  compare summer graz ing  
performance of i n t a c t .  f l ank  spayed and rumen au tog ra f t ed  h e i f e r s  w i t h  and 
wi thout  a growth implant.  The 231 crossbred  h e i f e r s  were randomly a l l o t t e d  t o  
t h e  t r i a l  and grazed t o g e t h e r  f o r  99 days a s  one herd. The r e s u l t s  i n d i c a t e  t h e  
g r e a t e s t  i nc rease  i n  growth r a t e  (19 l b  a d d i t i o n a l )  was due t o  t h e  implant 
e f f e c t .  Autograf ted h e i f e r s  tended t o  ga in  s l i g h t l y  more than  t h e i r  
coun te rpa r t s .  bu t  t h e  d i f f e r e n c e  was not  s i g n i f i c a n t .  This  work suppor ts  o t h e r  
r e sea rch  which i n d i c a t e s  t h a t  t h e  b e n e f i t s  of rumen a u t o g r a f t i n g  a r e  not  
s u b s t a n t i a t e d .  
(Key Words: Rumen Autograf t .  Flank Spay. Year l ing  Heifer . )  
In t roduc t ion  
One of t h e  more popular  t o p i c s  of conversa t ion  i n  t h e  s t o c k e r  and f eede r  
i n d u s t r i e s  has  been t h a t  of spaying h e i f e r s .  Several  d i f f e r e n t  techniques f o r  
spaying have been developed r ecen t ly .  These have sparked t h e  i n t e r e s t  of 
v e t e r i n a r i a n s  and ca t t lemen a l i k e .  The most r ecen t  c a l l e d  t h e  rumen a u t o g r a f t  
t echnique  was developed i n  North Dakota. It rece ived  ex tens ive  media coverage 
when it was r epor t ed  t h a t  h e i f e r s  spayed w i t h  t h i s  technique performed s u p e r i o r  
t o  s t e e r s .  The rumen a u t o g r a f t  technique involves  f l ank  spaying h e i f e r s  i n  t h e  
convent iona l  manner and then  implant ing o r  g r a f t i n g  a smal l  p i ece  of ovar ian  
t i s s u e  i n t o  t h e  o u t s i d e  l i n i n g  of t h e  rumen wa l l .  The theory behind t h i s  
technique  is t h a t  t h e  ovar ian  t i s s u e  a t t ached  t o  t h e  rumen w a l l  w i l l  be  nourished 
by t h e  ex t ens ive  blood supply t o  t h i s  a rea .  w i l l  grow and produce n a t u r a l l y  
occurr ing  female hormones. That i n i t i a l  r e p o r t  of increased  performance has no t  
been s u b s t a n t i a t e d  by o t h e r  workers. 
Considerable  r e sea rch  has been conducted w i t h  spayed h e i f e r s  over  t h e  years .  
Some of t h e  e a r l y  work d a t e s  back t o  t h e  l a t e  1800's  and e a r l y  1900's.  However. 
l i m i t e d  r e sea rch  has been r epor t ed  on t h e  newer techniques being developed and 
promoted a t  t h i s  time. Work was r e c e n t l y  completed i n  South Dakota comparing t h e  
performance of spayed and rumen-autografted h e i f e r s  graz ing  n a t i v e  rangeland. 
Table 1 is  a summary of t r i a l s  adopted from Rupp e t  a l .  (1983) comparing 
spayed and i n t a c t  h e i f e r s  wi th  and without  growth implants.  It becomes very  
evident  from these  t r i a l s  t h a t  t he  removal of t h e  source of n a t u r a l l y  occurr ing  
hormones, t h e  ovary, has a de t r imenta l  e f f e c t  on performance. even more than t h e  
proposed reduct ion  i n  performance a s  a r e s u l t  of h e i f e r s  coming i n t o  hea t .  
However. t h e  negat ive  response t o  spaying i s  now reversed when t h e  h e i f e r s  
a r e  implanted. The d a t a  suggest  a s l i g h t  improvement i n  performance, a 3.4% 
inc rease  i n  d a i l y  ga in  i n  graz ing  spayed h e i f e r s  and a 2.3% inc rease  i n  f i n i s h i n g  
spayed h e i f e r s .  Although a l l  t r i a l s  presented i n  t a b l e  1 were no t  conducted t o  
compare a l l  poss ib l e  combinations of implants  and spaying, i t  can be concluded 
t h a t  spayed h e i f e r s  must be implanted wi th  a growth promotant i f  performance i s  
t o  be  acceptable .  
Procedure 
The 231 crossbred  h e i f e r s  used i n  t h i s  t r i a l  were randomly a l l o t t e d  t o  one 
of t h e  fol lowing t rea tments  on May 14. 1986. Forty-six of t h e  h e i f e r s  were l e f t  
i n t a c t  and rece ived  a Ralgro implant.  Forty-eight were f l a n k  spayed by a 
p r a c t i c i n g  v e t e r i n a r i a n  and immediately rumen g r a f t e d  wi th  a small  p i ece  of 
ovarian t i s s u e  and implanted wi th  Ralgro. Forty-six were f l a n k  spayed and 
implanted wi th  Ralgro. Forty-six were f l a n k  spayed and immediately rumen g r a f t e d  
and fo r ty - f ive  were f l ank  spayed only. A l l  of t he  h e i f e r s  received t h e  same 
vacc ina t ions  and were handled a s  one group. They grazed n a t i v e  rangeland 
c o n s i s t i n g  predominantly of western wheatgrass  approximately 30 mi les  no r th  of 
Quinn. South Dakota. The h e i f e r s  were weighed a t  t he  beginning and a t  t he  end of 
t h e  99-day t r i a l .  
Resul t s  and Discussion 
The performance of t he  h e i f e r s  i n  t h i s  study i s  summarized i n  t a b l e  2. The 
s i g n i f i c a n t  t reatment  e f f e c t  was t h e  added b e n e f i t  from t h e  implant. 20.9 and 
18.7 l b  a d d i t i o n a l  f o r  t h e  rumen-graf ted  and f l a n k  spayed h e i f e r s .  r e spec t ive ly .  
Although t h e  implanted spay only and rumen-grafted h e i f e r s '  performance was on 
t h e  average 3.8% g r e a t e r  than f o r  t h e  i n t a c t  implanted h e i f e r  t rea tment ,  t h i s  was 
not  a s i g n i f i c a n t  d i f f e rence .  The h e i f e r s  i n  t h e  rumen-grafted t rea tment  gained 
s l i g h t l y  more than t h e  spayed only t reatment  f o r  both t h e  implanted and 
nonimplanted groups. 
The r e s u l t s  of t h i s  s tudy a r e  i n  agreement wi th  work by Laudert i n  Kansas i n  
which performance of rumen g r a f t e d  and spayed only h e i f e r s  graz ing  n a t i v e  range 
i n  Kansas were i d e n t i c a l .  A 1985 study a t  Purdue Univers i ty  eva lua ted  t h e  rumen 
g r a f t  technique i n  the  f eed lo t .  I n  t h i s  study t h e  i n t a c t  h e i f e r s  gained s l i g h t l y  
more than  e i t h e r  f l a n k  spayed o r  f l a n k  spayed-rumen au togra f t ed  h e i f e r s  on t h e  
91-day t r i a l .  None of t h e  h e i f e r s  received e i t h e r  a growth promotant o r  MGA. 
The s t o c k e r  opera tor  most l i k e l y  w i l l  have t o  r ece ive  a premium f o r  h i s  
spayed h e i f e r s  from t h e  f e e d l o t  opera tor  t o  r e a l i z e  a monetary ga in  from h i s  t ime 
and e f f o r t  spent  t o  have the  h e i f e r s  spayed. F igures  compiled by 
D r .  B i l l  Bennet. Monfort C a t t l e  Feeding Division,  Greeley, Colorado, i n d i c a t e  
t h a t  feeding l o s s e s  on h e i f e r s  averaging 16.5% pregnancy when e n t e r i n g  t h e  
feedyard range from $1.25 t o  $2.35 pe r  hundred pounds of purchase weight. 
depending on how t h e  h e i f e r s  a r e  handled i n  t h e  feedyard. Pregnancy t e s t i n g  and 
abor t ing  r e s u l t e d  i n  t h e  lower f igu re ,  doing nothing bu t  a s s i s t i n g  those  h e i f e r s  
ca lv ing  r e s u l t e d  i n  t h e  h i g h e r  f i gu re .  It seems l o g i c a l  t h a t  a s t o c k e r  o p e r a t o r  
o f f e r i n g  spayed h e i f e r s  f o r  s a l e  could a sk  t o  r ece ive  a premium f o r  t hose  
h e i f e r s .  Premiums paid by feedyards w i l l  l i k e l y  range from $1 t o  $3 p e r  
hundredweight, depending on t h e  management program developed i n  t h e  feedyard t o  
handle  pregnant  h e i f e r s .  The s t o c k e r  ope ra to r  should p re sen t  t h e  feedyard w i t h  a 
c e r t i f i c a t e  s igned  by t h e  v e t e r i n a r i a n  performing t h e  spaying o p e r a t i o n  s t a t i n g  
t h e  technique  used, number of h e i f e r s  spayed and d a t e  spayed. 
TABLE 1. EFFECT OF IMPLANTING ON SPAYED AND INTACT HEIFERSa 
Die t  No. of Avg d a i l y  gain,  l b  Percent  
type  t r i a l s  Spayed I n t a c t  d i f f e r e n c e  
Grazing 
Nonimplanted 
Imp1 an ted  
F in i sh ing  
Nonimplanted 19  1.97 2.09 -5.7 
Impf an ted  10  3.05 2.98 +2.3 
a Adapted from Rupp e t  a l e  (19831, The Range Beef Cow Symposium. 
TABLE 2. EFFECT OF SPAYING, RUMEN-GRAFT AND IMPLANTING ON PERFORMANCE 
OF YEARLING HEIFERS GRAZING NATIVE RANGE 
Implanted Nonimpfanted 
Flank spay Flank Flank spay Flank 
Item I n t a c t  Rumen-graf t spay Rumen-graf t spay 
No. of h e i f e r s  46 48 46 46 45 
I n i t .  w t . ,  l b  528.1 540.3 532.9 536.8 519.7 
F i n a l  w t . ,  l b  737.5ac 760.0bc 747.9bc 735.6aC 716. la  
Gain, l b  209.4abc 219.7b 215.0b 198.8aC 196.3" 
Avg d a i l y  ga in ,  l b  2 . l l abc  2.22b 2.17b 2.01ac 1.98a 
a*b*c  Means i n  t h e  same raw bea r ing  d i f f e r e n t  s u p e r s c r i p t s  d i f f e r  (P<.011. - 
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Frozen semen samples from Hol s t e in  b u l l s  were measured by t h e  sperm 
chromatin s t r u c t u r e  assay  (SCSA), a  new procedure u t i l i z i n g  flow cytometry f o r  
t h e  w a l u a t i o n  of sperm q u a l i t y .  F e r t i l i t y  r a t i n g s  of t h e  b u l l s  were known based 
on t h e i r  use  i n  a r t i f i c i a l  inseminat ion matings. Values obta ined  by t h e  SCSA 
were h igh ly  c o r r e l a t e d  ( r  = - . 5 8 ,  P<.01) w i t h ' b u l l  f e r t i l i t y  r a t i n g s .  Resu l t s  of 
t h i s  r e sea rch  i n d i c a t e  t h e  SCSA may b e  a  va luab le  technique f o r  measurement of 
sperm c e l l  q u a l i t y  and d e t e c t i o n  of suboptimal f e r t i l i t y  i n  b u l l s .  
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In t roduc t ion  
A n  important  problem i n  t h e  l i v e s t o c k  i n d u s t r y  i s  accu ra t e  de te rmina t ion  of 
sire f e r t i l i t y .  Tes t s  p r e s e n t l y  used t o  e s t ima te  semen q u a l i t y  i nc lude  
measurement of m o t i l i t y  and morphological abnorma l i t i e s  of sperm. However, t h e s e  
t e s t s  have no t  always proven u s e f u l  f o r  p r e d i c t i o n  of f e r t i l i t y ,  and t h e r e  i s  a 
d e f i n i t e  need f o r  improved methods t o  determine semen q u a l i t y  and u l t i m a t e l y  sire 
f e r t i l i t y .  Flow cytometry i s  a technique which provides a new method f o r  
eva lua t ing  sperm c e l l s .  
A flow cytometer i s  an  instrument  designed f o r  t h e  measurement of c e l l s  i n  
l i q u i d  suspension flowing p a s t  a measuring poin t .  The c e l l s  may b e  l a b e l e d  w i t h  
a  f l u o r e s c e n t  dye which b inds  t o  t h e  component of i n t e r e s t  (e.g., DNA) and then  
passed s i n g l e  f i l e  i n  a  f l u i d  s t ream through a  l a s e r  beam. The f l u o r e s c e n t  
s i g n a l s  emi t t ed  from t h e  c e l l s  a r e  de t ec t ed  by pho tomul t ip l i e r  tubes  and 
processed by a computer i n t e r f a c e d  t o  t h e  flow cytometer. 
A method has been developed c a l l e d  t h e  Sperm Chromatin S t r u c t u r e  Assay 
(SCSA) which uses  flow cytometry t o  measure t h e  s t r u c t u r e  of chromatin (DNA and 
a s s o c i a t e d  p r o t e i n s  found i n  t h e  nucleus of t h e  c e l l )  i n  sperm c e l l s .  The SCSA 
involves  t r e a t i n g  c e l l s  b r i e f l y  w i th  e i t h e r  a c i d  o r  hea t  t o  p a r t i a l l y  dena ture  
t h e  DNA, i.e., t o  convert  t h e  more s u s c e p t i b l e  reg ions  of t h e  double-stranded 
(ds)  DNA t o  s ingle-s tranded ( s s )  DNA. The sperm a r e  then s t a i n e d  w i t h  a c r i d i n e  
orange (AO) dye and measured by flow cytometry. When t h e  A0 is bound t o  
double-stranded DNA, it f l u o r e s c e s  green when e x c i t e d  by t h e  l a s e r  beam and, when 
bound t o  s ingle-s t randed  DNA, i t  f luo resces  red. Measurement of green v s  red  
f luorescence  i n  an A s s t a i n e d  c e l l  i n d i c a t e s  t h e  r e l a t i v e  content  of double- v s  
s ing le-s t randed  DNA and thus  provides a  measure of t h e  s t r u c t u r a l  s t a b i l i t y  of 
t h e  c e l l .  To quan t i fy  t h e  degree of dena tu ra t ion  i n  a  sample, a lpha-t  ( a t ) ,  
def ined  a s  t h e  r a t i o  of red  t o  t o t a l  ( red  and green)  f luorescence ,  i s  used. 
Higher a t  v a l u e s  a r e  a s s o c i a t e d  w i t h  inc reased  s u s c e p t i b i l i t y  of t h e  sperm t o  
dena tu ra t ion .  
Previous work suggested t h a t  s u b f e r t i l e  i n d i v i d u a l s  had sperm samples w i t h  
h ighe r  a t  v a l u e s  when measured by t h e  SCSA, i n d i c a t i n g  d e f e c t i v e  o r  a l t e r e d  
chromatin s t r u c t u r e  of t h e  sperm could be  a  f a c t o r  i n  decreased s i r e  f e r t i l i t y .  
During t h e  p a s t  2  years ,  a  s tudy has been conducted t o  v e r i f y  t h e s e  e a r l y  
r e s u l t s .  The major o b j e c t i v e  of t h i s  r e sea rch  was t o  determine t h e  r e l a t i o n s h i p  
between s i r e  f e r t i l i t y  and flow cytometr ic  measurements on sperm chromatin 
s t r u c t u r e .  
Experimental Procedure 
Frozen semen samples from 49 mature Ho l s t e in  b u l l s  r ep re sen t ing  a  
c ros s - sec t ion  of r e g u l a r  product ion  s i r e s  were supp l i ed  by Eas t e rn  A r t i f i c i a l  
Inseminat ion Cooperative, I t haca ,  NY. Based on post-thaw m o t i l i t y ,  a l l  samples 
were s u i t a b l e  f o r  use  i n  a r t i f i c i a l  inseminat ion.  F e r t i l i t y  r a t i n g s  had been 
previous ly  computed f o r  t h e s e  b u l l s  based on n o n r e t u m  r a t e s  from a l a r g e r  number 
of matings. Higher f e r t i l i t y  r a t i n g s  were a s s o c i a t e d  w i t h  inc reased  s i r e  
f e r t i l i t y  . 
Sperm samples were s t o r e d  i n  l i q u i d  n i t rogen  u n t i l  measurement. A t  t h a t  
t ime, samples were thawed, d i l u t e d  w i t h  phys io logica l  s a l i n e  and immediately 
measured by t h e  SCSA method. Flow cytometry measurements were made us ing  a  
Cytofluorograph I1 and 2150 computer system from Ortho Diagnos t ic  Systems, Inc .  
(Westwood, MA). For each sample, t h e  l e v e l s  of green and red f luo rescence  were 
recorded on 5000 c e l l s  and t h e  d i s t r i b u t i o n  of a t  va lues  w a s  computed. The 
s tandard  d e v i a t i o n  ( a  measure of t h e  v a r i a t i o n  among c e l l s )  of t h e  d i s t r i b u t i o n  
of a t  v a l u e s  (SD a t )  was used t o  desc r ibe  t h e  ex t en t  of dena tu ra t ion  of a  sample. 
The c o r r e l a t i o n  c o e f f i c i e n t  was computed t o . q u a n t i f y  t h e  a s s o c i a t i o n  between 
SD a t  and FR. 
Resu l t s  and Discussion 
An example of t h e  d a t a  c o l l e c t e d  f o r  each sample i s  shown i n  f i g u r e  1. I n  
t h e  cytograms (A and C), green f luorescence  (ds DNA) is on t h e  v e r t i c a l  a x i s  and 
r ed  f luo rescence  i s  on t h e  h o r i z o n t a l  a x i s  ( s s  DNA), and each do t  i n  t h e  cytogram 
r e p r e s e n t s  a  s i n g l e  c e l l .  The alpha-t  ( a t )  frequency his tograms (B and D) 
corresponding t o  t h e  cytograms show t h e  d i s t r i b u t i o n  of a t  v a l u e s  f o r  t h e  
samples. The f i r s t  sample (A, B) i s  from a b u l l  w i t h  a  h igh  f e r t i l i t y  r a t i n g  and 
t h e  second (C, D) from a b u l l  w i t h  a  low f e r t i l i t y  r a t i n g .  Note t h e  g r e a t e r  
p ropor t ion  of c e l l s  w i t h  inc reased  red f luorescence  i n  C, i n d i c a t i n g  a  g r e a t e r  
s u s c e p t i b i l i t y  t o  dena tu ra t ion ,  and t h e  a s s o c i a t e d  s h i f t  i n  a t  v a l u e s  seen i n  D. 
The SD a t  v a l u e s  were 35.9 and 80.0 f o r  t h e  f i r s t  and second samples, 
r e s p e c t i v e l y .  
The c o r r e l a t i o n  c o e f f i c i e n t  between b u l l  f e r t i l i t y  r a t i n g  and S D a t  was 
-.58, measured on 49 b u l l s .  This  i n d i c a t e s  t h a t  h ighe r  SD w t v a l u e s  a r e  
a s s o c i a t e d  w i t h  lower f e r t i l i t y  r a t i n g s .  
I n  cons ide ra t ion  of s e v e r a l  f a c t o r s ,  t h i s  c o r r e l a t i o n  is q u i t e  h igh  and 
encouraging f o r  t h e  a p p l i c a t i o n  of t h e  SCSA a s  a  t e s t  of sperm q u a l i t y  i n  t h e  
a r t i f i c i a l  inseminat ion  indus t ry .  F i r s t ,  only a  s i n g l e  sample from each b u l l  was 
measured by t h e  SCSA, whereas f e r t i l i t y  r a t i n g s  were based on matings us ing  semen 
from a  l a r g e  number of co l l ec t ions .  Secondly, when t h e r e  i s  l i t t l e  v a r i a t i o n  
among b u l l s ,  o the r  s t u d i e s  have gene ra l ly  obtained law c o r r e l a t i o n s  between 
conventional  semen q u a l i t y  t e s t s  and s i r e  f e r t i l i t y .  Although t h e  b u l l s  measured 
i n  t h i s  study had a  r e l a t i v e l y  narrow range of f e r t i l i t y  ( a l l  were accep tab le  f o r  
r o u t i n e  use i n  a r t i f i c i a l  inseminat ion) ,  t h e  f e r t i l i t y  r a t i n g s  were neve r the le s s  
s i g n i f i c a n t l y  c o r r e l a t e d  wi th  the  SCSA r e s u l t s .  The a s s o c i a t i o n  between 
f e r t i l i t y  and SDa t may be w e n  s t ronge r  i f  a  group of b u l l s  w i t h  g r e a t e r  
v a r i a t i o n  i n  f e r t i l i t y  were measured. 
To t e s t  t he  accuracy of t h e  technique, repea t  measurements were made on t h e  
samples. The r e s u l t s  of t h e  two measurements agreed very  wel l ,  demonstrating 
t h a t  e r r o r  due t o  t h e  ins t rumenta t ion  i s  minimal. Furthermore, f o r  some b u l l s ,  
samples ,were obtained from c o l l e c t i o n s  taken over a  s eve ra l  y e a r  t ime period and 
t h e  a t  va lues  of s e v e r a l  d i f f e r e n t  c o l l e c t i o n s  from a  b u l l  were, i n  most cases ,  
s i m i l a r .  Thus, a  s i n g l e  c o l l e c t i o n  of a  b u l l  should be r e p r e s e n t a t i v e  of f u r t h e r  
c o l l e c t i o n s  from t h a t  b u l l .  
The SCSA can a l s o  be appl ied  t o  sperm from o the r  spec ies .  To-date ,  
s t a l l i o n ,  ram, human, mouse and turkey samples have a l l  been measured and s t u d i e s  
on these  spec ie s  a r e  p resen t ly  underway. Whether o r  not a  c o r r e l a t i o n  e x i s t s  
between chromatin s t r u c t u r e  and f e r t i l i t y  i n  spec ie s  o the r  than  c a t t l e  has no t  
y e t  been determined. An important ques t ion  regarding t h e  va lue  of t h e  SCSA i n  
f e r t i l i t y  p r e d i c t i o n  w i l l  be whether o r  not  t h e  c o r r e l a t i o n  between t h e  SCSA and 
b u l l  f e r t i l i t y  measured i n  a r t i f i c i a l  inseminat ion matings w i l l  a l s o  be obtained 
when f e r t i l i t y  is  measured under n a t u r a l  mating condi t ions .  Future  r e sea rch  w i l l  
a l s o  i n v e s t i g a t e  t h e  r e l a t i o n s h i p s  between t h e  SCSA and t r a d i t i o n a l  methods 
(e .  g., m o t i l i t y ,  morphology) of eva lua t ing  sperm q u a l i t y .  
I n  conclusion,  t h e  SCSA i s  a  new method which u t i l i z e s  flow cytometry f o r  
measurement of chromatin s t r u c t u r e  i n  sperm c e l l s .  S tudies  on f rozen  sperm 
samples from Hols te in  b u l l s  have shown a  s i g n i f i c a n t  a s s o c i a t i o n  between 
propor t ion  of sperm wi th  s t r u c t u r a l l y  abnormal chromatin and b u l l  f e r t i l i t y  
r a t i n g s .  The SCSA should be of va lue  i n  t h e  a r t i f i c i a l  inseminat ion indus t ry  f o r  
d e t e c t i o n  of f e r t i l i t y  problems i n  b u l l s  and even tua l ly  may a l s o  be u s e f u l  f o r  
eva lua t ion  of s i r e s  i n  o the r  l i v e s t o c k  spec ies .  
- 
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Figure 1 .  Green v s  red fluorescence cytograms (A, C) and 
corresponding alpha- t frequency histograms (B.D) of sperm 
prepared by the S C S  method from two buffs .  
FLUd CYTOlIETRY EVALUATION OF TESTIS AND SPERn BHD 
GROCJTB PKRFORHANCE OF BUUS 1- WITE ZERA?NX 
B. E. Ballachey, H. L. Mi l l e r ,  L. K. J o s t  and D. P. Evenson 
Departments of Chemistry, Biochemistry Sect ion,  and 
Animal and Range Sciences 
BEEF REPORT CATTLE 86-25 
E f f e c t s  of preweaning zeranol  implants on reproduct ive  func t ion  and growth 
performance were s tud ied  i n  45 Simmental-Angus b u l l s .  A t  s l augh te r ,  flow 
cytometry measurements were made on t e s t i c u l a r  and sperm c e l l s  t o  determine t h e  
e f f e c t s  of zeranol  on spermatogenesis.  There were no d i f f e r e n c e s  i n  weaning o r  
s l a u g h t e r  weights  due t o  implants.  Nonimplanted b u l l s  had l a r g e r  s c r o t a 1  
circumferences and heav ie r  t e s t i c u l a r  weights  than b u l l s  given one o r  two 
implants.  The t e s t e s  of implanted b u l l s  had a lower propor t ion  of developing 
germ c e l l s  r e l a t i v e  t o  nonimplanted b u l l s .  The DNA i n  sperm from implanted b u l l s  
was s t r u c t u r a l l y  l e s s  s t a b l e  ( i . e . ,  more s u s c e p t i b l e  t o  denatura t ion)  than DNA i n  
sperm from nonimplanted b u l l s .  Preweaning implanta t ion  wi th  zeranol  nega t ive ly  
a f f e c t e d  t e s t i c u l a r  funct ion  and spermatogenesis,  bu t  d id  no t  a f f e c t  growth of 
y e a r l i n g  b u l l s .  
(Key Words: Zeranol,  Bul l s ,  Tes tes ,  Spermatogenesis, Flow Cytometry.) 
In t roduct ion  
Zeranol,  a r e s o r c y l i c  a c i d  lac tone ,  increases  growth i n  s t e e r s ,  and, 
a l though t h e  mode of a c t i o n  is  not  c l e a r l y  understood, i t  i s  widely used. With 
renewed i n t e r e s t  i n  feeding i n t a c t  males f o r  increased  product ion e f f i c i e n c y ,  t h e  
a b i l i t y  of growth promotants t o  improve g a i n s  i n  b u l l s  becomes an important 
cons idera t ion .  E f f e c t s  of zeranol  on growth i n  b u l l s  a r e  n o t  w e l l  e s t a b l i s h e d  
and much v a r i a t i o n  i n  response has been reported.  Detr imental  e f f e c t s  of 
preweaning zeranol  implants  on t e s t i c u l a r  s i z e  and weight have been c o n s i s t e n t l y  
observed, bu t  spermatogenic func t ion  and semen q u a l i t y  i n  b u l l s  implanted a t  an 
e a r l y  age have not  been w e l l  s tudied .  Understanding changes i n  spermatogenesis 
caused by ze rano l  may he lp  t o  e s t a b l i s h  t h e  mode of a c t i o n  and o v e r a l l  va lue  of 
t h e s e  implants  t o  promote growth i n  b u l l s .  
Flow cytometry i s  a r e l a t i v e l y  new technology wi th  tremendous p o t e n t i a l  f o r  
c e l l u l a r  analyses.  Ce l l s  i n  suspension may be  l abe led  wi th  a f l u o r e s c e n t  dye 
s p e c i f i c  f o r  t h e  component of i n t e r e s t  (e.g., DNA) and passed s i n g l e  f i l e  i n  a 
sample s tream i n t e r s e c t e d  by a l a s e r  beam. Upon l a s e r  e x c i t a t i o n ,  f luorescence  
i s  emi t ted  from the  c e l l s .  The f luorescence  i s  de tec ted  by photomul t ip l ie r  
tubes,  converted t o  a d i g i t a l  analog s i g n a l  and subsequently analyzed by a 
computer i n t e r f a c e d  t o  t h e  flow cytometer. Advantages of flow cytometry inc lude  
r ap id  measurement of a l a r g e  number of c e l l s ,  simultaneous measurement of s e v e r a l  
v a r i a b l e s  pe r  c e l l  and ease  of c l a s s i f y i n g  and counting subpopulat ions of c e l l  
types.  Previous s t u d i e s  ( see  t h e  preceding paper i n  t h i s  r epor t )  have 
demonstrated t h e  va lue  of flow cytometr ic  ana lyses  t o  s tudy male reproduct ive  
funct ion  and reproduct ive  toxicology. The purpose of t h i s  research  was t o  
u t i l i z e  flow cytometry t o  e v a l u a t e  t e s t i s  and sperm c e l l s  of y e a r l i n g  beef b u l l s  
implanted w i t h  ze rano l  p r i o r  t o  weaning. 
Experimental Procedure 
C a t t l e .  Forty-f ive 3 / 4  Angus x 1 / 4  Simmental b u l l  ca lves  averaging 30 days 
of age were weighed and randomly d iv ided  i n t o  t h r e e  t rea tment  groups: control-no 
implant (011, one ze rano l  implant (11) and two ze rano l  implants  ( 2 % ) .  Calves i n  
t h e  t r e a t e d  groups were implanted w i t h  36 mg of ze rano l  under t h e  s k i n  on t h e  
lower backs ide  of t h e  e a r  according t o  manufacturer 's  recommendation. Ninety 
days l a t e r  ca lves  i n  t h e  2% group were given a second ze rano l  implant.  A f t e r  
weaning a t  an average age of 205 days, ca lves  were t r anspor t ed  approximately 300 
mi les  t o  a f e e d l o t  f a c i l i t y .  B u l l s  were f ed  a grower r a t i o n  c o n s i s t i n g  of 
a l f a l f a  hay o f f e r e d  ad l i b i t u m  and 5.5 l b  of corn d a i l y  f o r  90 days followed by a 
f i n i s h i n g  r a t i o n  f o r  155 days u n t i l  s l augh te r .  The f i n i s h i n g  r a t i o n ,  fed  
ad l i b i tum,  cons i s t ed  of 84.0% corn, 10.5% corn s i l a g e ,  4.8% soybean meal and .7% 
minera l  supplement. B u l l s  were s laughtered  a t  an average age of 450 days. F ive  
days be fo re  s l a u g h t e r ,  s c r o t a 1  circumferences were measured and, from 10  randomly 
s e l e c t e d  b u l l s  of each t rea tment  group, an e l e c t r o e j a c u l a t e d  semen sample w a s  
c o l l e c t e d  and placed on i c e .  A t  s l augh te r ,  t e s t e s  and v a s  de fe rens  from a l l  
b u l l s  were c o l l e c t e d  and placed on i c e  and t e s t i s  weights  were recorded. From 
b u l l s  which had been e l e c t r o e j a c u l a t e d ,  a t e s t i c u l a r  biopsy was a l s o  taken  f o r  
measurement by flow cytometry. Within 6 hours of c o l l e c t i o n ,  vas  sperm were 
recovered from t h e  vas  deferens  of e l e c t r o e j a c u l a t e d  b u l l s .  
C e l l  P repa ra t ion  g& Sta in ing .  Flow cytometry measurements were made on 
-
e j a c u l a t e d  sperm samples t h e  day of c o l l e c t i o n .  I f  necessary ,  samples were 
d i l u t e d  w i t h  phys io log ica l  s a l i n e  s o l u t i o n  t o  lower t h e  c e l l  concen t r a t ion  p r i o r  
t o  measurement. 
Vas sperm were c o l l e c t e d  by s t r i p p i n g  t h e  con ten t s  of t h e  vas  deferens  i n t o  
s a l i n e  s o l u t i o n .  Vas sperm and t e s t i c u l a r  c e l l s  were obta ined  on t h e  same day 
and t h e r e  were t o o  many samples t o  be run by flow cytometry t h a t  day. Therefore,  
v a s  sperm were mixed w i t h  g l y c e r o l  and f rozen  a t  -1000 C u n t i l  f low cytometry 
measurements were made approximately 2 months l a t e r .  
Each t e s t i c u l a r  biopsy,  weighing approximately 1 g, was placed i n  s a l i n e  
s o l u t i o n  a t  t h e  t i m e  of c o l l e c t i o n .  Six t o  e i g h t  hours a f t e r  c o l l e c t i o n ,  t h e  
biopsy w a s  minced w i t h  s c i s s o r s  t o  form a c e l l u l a r  suspension, f i l t e r e d  f r e e  of 
t i s s u e  clumps and measured by flow cytometry t o  determine DNA and RNA content  of 
each c e l l .  
T e s t i c u l a r  c e l l s  and e j a c u l a t e d  and vas  sperm were s t a i n e d  w i t h  a c r i d i n e  
orange (A01 dye and measured by flow cytometry. The procedure involves  t r e a t i n g  
t h e  c e l l s  w i t h  a s o l u t i o n  con ta in ing  de t e rgen t  (al lows dye b e t t e r  access  t o  c e l l  
components) and mild ac id ,  then  s t a i n i n g  w i t h  AO. T e s t i c u l a r  c e l l s  con ta in  bo th  
DNA (double-stranded) and RNA. When A0 binds w i t h  DNA, i t  f l u o r e s c e s  green, and, 
when i t  b inds  t o  RNA, i t  f luo resces  red. Measurement of green and red  
f luo rescence  a l lows  q u a n t i f i c a t i o n  of t h e  r e l a t i v e  DNA and RNA content  and, on 
t h i s  b a s i s ,  p ropor t ions  of t e t r a p l o i d ,  d i p l o i d  and haploid c e l l s  i n  a sample can 
be  determined. The haplo id  c e l l s  a r e  t h e  developing germ c e l l s .  
I n  sperm c e l l s ,  t h e  s t a i n i n g  procedure i s  c a l l e d  t h e  sperm chromatin 
s t r u c t u r e  a s say  (SCSA). RNA i s  no t  p re sen t  i n  sperm and, because of condensat ion 
of t h e  chromatin (DNA and a s soc i a t ed  p r o t e i n s )  a s soc i a t ed  w i t h  maturat ion,  t h e  
a c i d  t rea tment  p o t e n t i a l l y  induces p a r t i a l  dena tu ra t ion  of t h e  DNA s o  t h a t  both 
double- and single-stranded DNA a r e  present .  A0 dye w i l l  f l u o r e s c e  green when 
bound t o  double-stranded DNA and r e d  wi th  s ingle-stranded DNA. Thus, r a t i o s  of 
green t o  red f luorescence  measure the  s u s c e p t i b i l i t y  of DNA t o  dena tu ra t ion  and 
provide information on t h e  chromatin s t r u c t u r e  of t he  sperm. The amount of 
dena tu ra t ion  was q u a n t i f i e d  by alpha-t ( a t ) ,  def ined  a s  t h e  r a t i o  of red t o  t o t a l  
( r ed  + green) f luorescence.  The mean (Xat) and c o e f f i c i e n t  of v a r i a t i o n  (CVat) 
of t h e  a t  d i s t r i b u t i o n  were used t o  desc r ibe  t h e  ex ten t  of denatura t ion .  
Previous s t u d i e s  have shown t h a t  h igher  a t  va lues  a r e  a s soc ia t ed  wi th  poor semen 
q u a l i t y  and decreased f e r t i l i t y .  
To measure morphological abnormal i t ies ,  sperm from each sample were s t a i n e d  
wi th  Eosin dye and smeared onto g l a s s  s l i d e s .  A t  l e a s t  200 c e l l s  pe r  b u l l  were 
scored by l i g h t  microscopy t o  e s t ima te  percentage of abnormal sperm heads. 
Resul t s  and Discussion 
Growth of Bulls .  Performance da ta ,  t e s t i c u l a r  weights  and s c r o t a l  
circumferences a r e  shown i n  t a b l e  1. There were no s i g n i f i c a n t  d i f f e r e n c e s  i n  
i n i t i a l ,  weaning o r  s l a u g h t e r  weights among t h e  t h r e e  t reatment  groups. Gain t o  
weaning (420, 409 and 434 l b  f o r  01, 11 and 21, r e spec t ive ly )  and f e e d l o t  ga in  
(504, 476 and 485 l b  f o r  01, 11 and 21, r e spec t ive ly )  a l s o  d id  not  vary wi th  
t reatment .  
Bu l l s  i n  t h e  nonimplanted group had heav ie r  t e s t i c u l a r  weights and l a r g e r  
s c r o t a l  c ircumferences a t  s l a u g h t e r  than b u l l s  given one o r  two implants.  The 
implanted groups (11 and 21) d id  not  d i f f e r  i n  t e s t i c u l a r  weight o r  s c r o t a l  
circumference. 
T e s t i c u l a r  Samples. T e s t i c u l a r  haploid,  d i p l o i d  and t e t r a p l o i d  c e l l s  can b e  
d i s t ingu i shed  by FCM on t h e  b a s i s  of c e l l u l a r  DNA and RNA content  a f t e r  s t a i n i n g  
wi th  AO. A h ighe r  propor t ion  of haploid c e l l s  i s  a s soc ia t ed  wi th  more e f f i c i e n t  
spermatogenesis.  Within t h e  haploid c e l l  populat ion,  maturing germ c e l l s  can b e  
separa ted  i n t o  propor t ions  of round, e longat ing  and elongated spennat ids  because 
during maturat ion chromatin s t r u c t u r e  becomes more compact and t h i s  is  as soc ia t ed  
wi th  decreased green f luorescence  due t o  r e s t r i c t i o n  of A0 binding. Decreasing 
red f luorescence  i s  a l s o  noted, r e s u l t i n g  from decreasing RNA content  a s  t h e  
spermatids.  mature. 
Propor t ions  of c e l l  types  i n  t h e  t e s t i c u l a r  b iops i e s ,  determined by computer 
a n a l y s i s  a f t e r  measuring samples by flow cytometry, a r e  presented  i n  t a b l e  2. 
B u l l s  i n  e i t h e r  t h e  11 o r  2 1  groups had an increased  propor t ion  of d i p l o i d  c e l l s  
and decreased propor t ion  of haploid c e l l s  r e l a t i v e  t o  01  b u l l s  (P<.05) .  
Proport ions of spermatid types wi th in  the  haploid c e l l  populat ion d id  not  vary  
s i g n i f i c a n t l y  wi th  treatment.  
Sperm Samples. Mature sperm, whether obtained from the  vas  deferens o r  an 
e j acu la t ed  semen sample, a r e  cha rac te r i zed  by a  nucleus with highly condensed 
chromatin and devoid of RNA. Normal sperm s t a i n e d  wi th  A0 should emit l a r g e l y  
green f luorescence  ( r e f l e c t i n g  ds  DNA content )  and minimal red  f luorescence.  I n  
sperm wi th  abnormal chromatin, t h e  DNA w i l l  be  more s u s c e p t i b l e  t o  denatura t ion ,  
r e s u l t i n g  i n  increased  red f luorescence  and h igher  a t  values.  
The Eat and CVat of e j acu la t ed  and vas  sperm samples a r e  l i s t e d  i n  
t a b l e  3 .  For both sperm samples the. Xat was h ighes t  from 21 b u l l s .  The CVat f o r  
e j a c u l a t e d  sperm samples d i d  not  vary  s i g n i f i c a n t l y  w i t h  t rea tment ,  a l though t h e  
0 1  group had t h e  lowest  and t h e  21 group t h e  h ighes t  average va lues .  For vas  
sperm, d i f f e r e n c e s  were seen between t rea tments ,  w i t h  0 1  b u l l s  having lower 
average (=Vat v a l u e s  (18.42) than  t h e  11 (23.49) and 21 (27.14) groups. 
Percentages of morphologically abnormal sperm measured by l i g h t  microscopy 
a r e  a l s o  presented  t a b l e  3.  For e j a c u l a t e d  samples, b u l l s  i n  t h e  21 group tended 
t o  have t h e  h ighes t  average p ropor t ion  of abnormal sperm. Treatment e f f e c t s  were 
more pronounced f o r  vas  sperm, s i n c e  01  b u l l s  had a lower average p ropor t ion  of 
abnormals than  implanted b u l l s  (27.6, 40.7 and 41.7% f o r  01, 11 and 21, 
r e spec t ive ly . )  
Although e f f e c t s  of ze rano l  on t e s t i c u l a r  development and spermatogenesis  of 
b u l l s  were demonstrated between t rea tments ,  cons ide rab le  v a r i a t i o n  among b u l l s  
w i t h i n  t r ea tmen t s  was a l s o  evident .  Several  b u l l s  of t h e  0 1  group had h igh  
l e v e l s  of abnormal sperm and a t  va lues .  B u l l s  of t h e  21 group were c o n s i s t e n t l y  
lower i n  p ropor t ion  of haplo id  c e l l s  and and (=Vat of t h e  vas  sperm than  t h e  
average of t h e  0 1  group. More v a r i a b i l i t y  e x i s t e d  among t h e  11 b u l l s ;  some had 
t e s t i c u l a r  and sperm flow cytometr ic  va lues  i n  t h e  "normalw range ( s i m i l a r  t o  01) 
and some were i n  t h e  "poor" range ( s i m i l a r  t o  21).  
I n  conclusion,  t h i s  r e sea rch  i n v e s t i g a t e d  t h e  e f f e c t s  of preweaning z e r a n o l  
implants  on growth and spermatogenesis of b u l l s .  Weaning and s l a u g h t e r  weights  
were not  improved by implanta t ion ,  bu t  sperm c e l l s  i n  implanted b u l l s  were 
adverse ly  a f f e c t e d  by zeranol .  The de t r imen ta l  e f f e c t  of reproduct ive  func t ion  
i s  of major concern i f  t h e  b u l l s  a r e  being considered f o r  breeding  purposes,  
s i n c e  i t  would l i k e l y  r e s u l t  i n  reduced male f e r t i l i t y .  
TABLE 1. MEAN LIVE WEIGHTS, TESTICULAR WEIGHTS AND 
SCROTAL CIRCUME'ERENCESa 
Treatment group 
Measurement Control 1 2 sEM~ 
I n i t i a l  wtc,  l b  13 0 135 135 9.5 
Weaning w t ,  l b  550 5 44 569 24.5 
S laughter  w t ,  l b  11 6 8 11 27 11 42 28.4 
T e s t i c u l a r  w t ,  g 63 7d 496e 463e 28.8 
Sc ro t a1  circumference, cm 37.8d 35 . l e  34.3e .63 
a n = 15 p e r  group. 
SEM = s tandard  e r r o r  of t h e  mean. 
I n i t i a l  w t  = w t  a t  time of f i r s t  implant (about 30 days of age) .  
d*e  Means i n  t h e  same row wi th  d i f f e r e n t  s u p e r s c r i p t s  vary  (PC .019. 
TABLE 2. MEAN VALUES OF TESTICULAR VARIABLESa 
Treatment group 
V a r i a b l e  Cont ro l  1 2 S E M ~  
% d i p l o i d  c e l l s  10.7C 15.5d 20. gd 2.61 
% t e t r a p l o i d  c e l l s  11.1 14.1 13.2 1.21 
% hap lo id  c e l l s  78.2C 70.4d 65 .gd 2.86 
a n = 10  p e r  group. 
SEM = s t a n d a r d  e r r o r  of t h e  means. 
c s d  Means i n  t h e  same row w i t h  d i f f e r e n t  s u p e r s c r i p t s  v a r y  (P< .05) .  
TABLE 3. MEAN VALUES OF SPERM VARIABLES 
Treatment group 
Sperm type  V a r i a b l e  Cont ro l  1 2 SEMa 
- 
E j  a c u l a t e d b  Xat .31d .31d .36e -02  
CV at 16.18 17.50 19.40 2.06 
% abnormal 24.6 28.6 41.4 5.42 
- 
at .23d .23d . 26e .01 
ma, 1 8 . 4 2 ~  23 .4ge 27.14e 2.21 
% abnormal 27.6d 40.7e 41.7e 5.19 
a SEM = s t a n d a r d  e r r o r  of t h e  mean. 
n = 9 f o r  c o n t r o l  group; n = 7 f o r  one and two implan t  groups.  
C n = 10  p e r  group. 
d.e Means i n  t h e  same row w i t h  d i f f e r i n g  s u p e r s c r i p t s  v a r y  (Pc.05). 
6=-', EFFECTS OF BULL EXPOSURE ON P O S ! l ' P ~ ~  IN!CERVAL 
AIVD REPRODU- PERFORMANCE IH BEKF CgWS 
A PROGRESS REPORT 
C. D. Naasz, H. L. Mi l l e r ,  B. A. P e t i t j e a n  and R. H. Haigh 
Department of Animal and Range Sciences 
The . e f f e c t s  of b u l l  exposure on time from ca lv ing  u n t i l  e s t r u s ,  concept ion 
r a t e s  and ca lv ing  i n t e r v a l  were s tud ied  f o r  mature beef cows. I n  t h e  s p r i n g  of 
I985 and 1986, cows were randomly a l l o t t e d  t o  one of two t rea tment  groups. Cows 
were exposed t o  vasectomized b u l l s  a f t e r  ca lv ing  u n t i l  breeding o r  no b u l l  
exposure. Cows were h e a t  de t ec t ed  twice  d a i l y  and blood samples were c o l l e c t e d  
weekly t o  determine proges te rone  l e v e l s .  Heat d e t e c t i o n  d a t a  and proges te rone  
l e v e l s  i n d i c a t e d  onse t  of e s t r o u s  cyc l e s  occurred e a r l i e r  i n  b u l l  exposed cows 
than  nonexposed cows. Conception r a t e s  t o  a timed inseminat ion  were n o t  
d i f f e r e n t  between t h e  two groups. Bu l l  exposed cows tended t o  ca lve  e a r l i e r .  
(Key Words : Cows, B u l l  Exposure, Postpartum I n t e r v a l ,  Reproductive Performance. ) 
In t roduc t ion  
Maintenance of a 365-day ca lv ing  i n t e r v a l  i s  important  f o r  optimum 
product ion.  The per iod  of postpartum a n e s t r u s  is  40 t o  60 days. To main ta in  a 
365-day ca lv ing  i n t e r v a l , '  t h e  cow must conceive on t h e  f i r s t  o r  second e s t r u s  
pos tca lv ing .  when f e r t i l i t y  is  r e l a t i v e l y  low. 
I t  has been found t h a t  ewes i n  t h e  presence of a ram begin  cyc l ing  e a r l i e r  
i n  t h e  breeding season than  ewes n o t  exposed t o  a ram. Addi t iona l ly ,  t h e  
presence  of a boar  reduces t h e  postpartum per iod  i n  l a c t a t i n g  sows a s  w e l l  a s  age 
a t  puberty i n  g i l t s .  I f  cows r e t u r n  t o  e s t r u s  sooner  a f t e r  ca lv ing  i n  t h e  
presence of a b u l l ,  it would allow t h e  producer t o  have c a l v e s  born e a r l i e r ,  t hus  
r e s u l t i n g  i n  increased  c a l f  weights  a t  weaning. The purpose of t h i s  s tudy was t o  
determine i f  exposure t o  vasectomized b u l l s  a f t e r  ca lv ing  in f luences  t h e  i n t e r v a l  
from ca lv ing  t o  e s t r u s ,  concept ion r a t e s  and ca lv ing  i n t e r v a l .  
Experimental Procedure 
Purebred Angus (n = 221, Shorthorn (n = 17) .  Simmental (n  = 9)  and crossbred  
(n  = 2) cows were randomly a l l o t t e d  t o  one of two t rea tments  a f t e r  ca lv ing  i n  t h e  
s p r i n g  of 1985. The experiment w a s  repea ted  w i t h  Angus (n = 20).  Simmental 
(n  = 13)  and crossbred  (n = 8)  cows i n  t h e  s p r i n g  of 1986. Treatments c o n s i s t e d  
of cows exposed t o  vasectomized b u l l s  (approximately 10 cows/bul l )  3 t o  7 days 
a f t e r  ca lv ing  u n t i l  t h e  beginning of t h e  breeding season o r  no t  exposed t o  b u l l s .  
There were no b u l l s  i n  c l o s e  proximity t o  t h e  nonexposed group. Cows were 
maintained on p a s t u r e  and provided corn  s i l a g e ,  a l f a l f a  haylage and t r a c e  minera l  
s a l t  u n t i l  p a s t u r e  was adequate  i n  May. 
Cows were h e a t  de t ec t ed  twice d a i l y  beginning approximately 4 weeks a f t e r  
t he  beginning of ca lv ing  u n t i l  synchroniza t ion  t o  determine resumption of e s t r u s .  
I n  1986, blood samples were c o l l e c t e d  weekly by j u g u l a r  venepuncture  dur ing  t h i s  
time. Serum proges te rones  were determined by radioimmunoassay t o  confirm e s t r u s .  
A l l  cows were synchronized w i t h  Synchro-Mate B and bred  wi thout  e s t r u s  d e t e c t i o n  
i n  a timed insemina t ion  program. Calves were removed from t h e  cows f o r  48 hours  
fo l lowing  Synchro-Mate B implant removal. A l l  cows were then  inseminated 
beginning 48 hours  a f t e r  t h e  l a s t  implant  had been removed. Vasectomized b u l l s  
were t hen  run w i t h  a l l  cows f o r  a 30-day A 1  per iod  and then  an i n t a c t  b u l l  was 
tu rned  i n  f o r  c l ean  up f o r  t h e  l a s t  30 days of a 60-day breeding  season. 
E s t r u s  d e t e c t i o n  d a t a  were u t i l i z e d  t o  determine days t o  f i r s t  e s t r u s  and 
percentage  c y c l i n g  f o r  1985. For 1986, a combination of p roges te rone  l e v e l s  and 
e s t r u s  d e t e c t i o n  d a t a  was used. Any cows t h a t  had ca lved  less than  30 days 
b e f o r e  t he  end of  t h e  t r i a l  were n o t  included i n  t h e s e  c a l c u l a t i o n s .  Records of  
c a l v i n g  d a t e s  
were used t o  e s t ima te  percentage conceiving t o  t h e  timed insemina t ion  and 
average ca lv ing  da te .  Rec ta l  p a l p a t i o n  f o r  pregnancy a t  approximately 100 t o  
130 days a f t e r  breeding was used f o r  cows t h a t  were so ld .  A l l  cows i n  t h e  s tudy  
were cons idered  i n  c a l c u l a t i n g  percentage conceiving t o  timed insemina t ion ,  
pregnancy r a t e s  and average ca lv ing  date .  
A group of 1 4  t o  16 cows were s e l e c t e d  and cannulated upon h e a t  a f t e r  
Synchro-Mate B implant  removal. Blood samples were c o l l e c t e d  every 15 minutes 
f o r  2 hours and then  every 2 hours  f o r  48 hours. These samples w i l l  be  analyzed 
by radioimmunoassay t o  determine LH, e s t rogen  and p r o l a c t i n  l e v e l s .  
Resu l t s  and Discuss ion  
- B u l l  exposure a f t e r  ca lv ing  reduced t h e  i n t e r v a l  t o  f i r s t  e s t r u s  i n  1985 
(P<.01) and no t  i n  1986 (P>.05; t a b l e  1 ) .  I n i t i a t i o n  of e s t r u s  cyc l e s  occurred 
25 days e a r l i e r  (P<.01) i n  b u l l  exposed cows than  i n  nonexposed cows i n  1985 
(46 + 18.8 v s  71 + 18.1 days a f t e r  ca lv ing ) .  The percentage  e x h i b i t i n g  e s t r u s  
p r i o f  t o  insemina t izn  was 77.5% f o r  b u l l  exposed cows and 19% f o r  nonexposed cows 
(PC .01).  I n  1986, t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  (P>.05) i n  t h e  days t o  
f i r s t  e s t r u s  a f t e r  ca lv ing ,  45 + 14.4 v s  52 + 18.8 f o r  b u l l  exposed and 
nonexposed cows, r e spec t ive ly .  There was a l s o  no z i f f e r e n c e  i n  t h e  percentage  of 
cows showing e s t r u s  by synchroniza t ion  t i m e  (P>.05),  a l though t h e r e  tended t o  b e  
a g r e a t e r  percentage  of t h e  b u l l  exposed cows cyc l ing  (81% v s  65%). There was no 
d i f f e r e n c e  (P>.05) i n  t h e  percentage of cows conceiving t o  t h e  t imed 
synchroniza t ion  i n  1985 (63.3% f o r  b u l l  exposed v s  43.3% f o r  nonexposed) . The 
percentage  pregnant  d id  no t  d i f f e r  between t h e  two groups. The b u l l  exposed cows 
ca lved  an average of 7 days e a r l i e r  i n  1986 than nonexposed cows, bu t  t h e r e  was 
no s t a t i s t i c a l  d i f f e r e n c e  (P>.05).  
TABLE 1. REPRODUCTIVE PERFORMANCE 
1985 1986 
Bu l l  No B u l l  No 
exposure exposure exposure exposure 
No. of cows 
Avg ca lv ing  d a t e  
be£ o r e  t rea tment  
Avg d a t e  of f i r s t  
e s t r o u s  c y c l e  
Avg days ca lv ing  t o  
f i r s t  e s t r u s  
% cows i n  e s t r u s  by 
synchroniza t ion  
(cows 30 days 
postpartum 
excluded) 
% concept ion t o  timed 
synchroniza t ion  
% pregnant  
Avg ca lv ing  d a t e  
a f t e r  t rea tment  
a *  Values w i t h  u n l i k e  s u p e r s c r i p t s  d i f f e r  w i t h i n  y e a r s  (P< .01) . 
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Cows were f e d  d i f f e r i n g  n u t r i t i o n a l  l e v e l s  be fo re  and a f t e r  ca lv ing  t o  
c r e a t e  a  wide range of cow body cond i t ion  o r  f l e s h i n e s s  p r i o r  t o  ca lv ing  and a t  
t h e  beginning of t h e  breeding season. Cows t h a t  were f l e s h i e r  p r i o r  t o  ca lv ing  
and when turned on p a s t u r e  i n  e a r l y  May (30 days p r i o r  t o  t h e  beginning of t h e  
breeding season) had a  h ighe r  cyc l ing  r a t e  i n  e a r l y  May, June and Ju ly .  Cows 
maintaining o r  i nc reas ing  s l i g h t l y  i n  body condi t ion  (preca lv ing  t o  e a r l y  May) 
tended t o  have a  h igher  cyc l ing  r a t e  during t h e  breeding season than  cows which 
l o s t  body cond i t ion  r ega rd le s s  of preca lv ing  body condit ion.  Cows t h a t  were 
f l e s h i e r  p r i o r  t o  t h e  breeding season calved e a r l i e r  t h e  fol lowing year .  Body 
cond i t ion  p r i o r  t o  ca lv ing  and change i n  body condi t ion  (preca lv ing  t o  e a r l y  May) 
d id  not  a f f e c t  ca lv ing  d a t e  t h e  fol lowing year .  
(Key Words : Beef Cow, Body Condition, Reproduction, ~ u t r i t i o n .  ) 
In t roduct ion  
Many re sea rche r s  have shown t h a t  body condi t ion  of beef cows a f f e c t s  
reproduct ive  performance. Previous s t u d i e s  have l i nked  h ighe r  cow body 
cond i t ions  wi th  s h o r t e r  postpartum i n t e r v a l s  and increased  percentage of cows 
diagnosed pregnant.  However, i t  i s  no t  c l e a r  a s  t o  t h e  minimum degree of body 
cond i t ion  o r  t h e  body cond i t ion  changes t h a t  w i l l  l e ad  t o  adequate reproduct ive  
performance. 
The ob jec t ives  of t h i s  study a r e  t o  (1) e s t a b l i s h  t h e  minimum cow body 
cond i t ion  be fo re  ca lv ing  and breeding necessary f o r  adequate reproduct ive  
performance and analyze t h e  e f f e c t s  of change i n  cow body cond i t ion  (preca lv ing  
t o  t h e  breeding season) on reproduct ive performance and (2)  eva lua te  o b j e c t i v e  
measurements t o  desc r ibe  body condi t ion  of beef cows. Prel iminary d a t a  from t h e  
f i r s t  2 yea r s  of a  3-year study r e l a t i n g  t o  t h e  f i r s t  ob jec t ive  a r e  repor ted  i n  
t h i s  paper. 
Experimental Procedure 
One hundred twenty-five Simmental-Angus crossbred cows wintered  a t  t h e  SDSU 
Range and Livestock Research S t a t i o n  near  Cottonwood and summer grazed n e a r  
S tu rg i s ,  SD, were a l l o t t e d  each December by age, weight and cond i t ion  sco re  t o  
one of two l e v e l s  of e a r l y  win te r  n u t r i t i o n  f o r  60 days. I n  December of 1984, 
high e a r l y  w i n t e r  t rea tment  cows grazed n a t i v e  range and were supplemented w i t h  2 
l b  p e r  head p e r  day of a  37% p r o t e i n  (primarly soybean meal) supplement. Low 
e a r l y  w i n t e r  t rea tment  cows grazed n a t i v e  range without  supplement. Pas tures  
grazed a r e  co-dominated by s h o r t  and medium height  g ra s ses  of which wes tern  
wheatgrass  (mid-grass), bu f fa log ras s  (short-grass)  and b l u e  grama (shor t -grass)  
comprise over  75% of t o t a l  forage  production. A l l  cows were supplemented w i t h  
2 l b  of t h e  same supplement beginning i n  e a r l y  February u n t i l  ca lv ing .  Within 
1 week fo l lowing  ca lv ing ,  cows were a l l o t t e d  by ca lv ing  da t e ,  c a l f  sex,  cow age 
and e a r l y  w i n t e r  t rea tment  t o  one of two l a t e  w i n t e r  t r ea tmen t s  and f e d  u n t i l  
e a r l y  May. High l a t e  w i n t e r  t rea tment  cows rece ived  a l f a l f a  hay (c rude  p r o t e i n  
14.7%; AI%F 46%) and g r a s s  hay (crude p r o t e i n  5.6%; ADF 57%) t o  meet NRC 
requirements  w h i l e  graz ing  n a t i v e  range. Low l a t e  w i n t e r  t rea tment  cows were 
supplemented w i t h  2 l b  of a 37% p r o t e i n  supplement wh i l e  graz ing  n a t i v e  range. 
Due t o  heavy e a r l y  w i n t e r  snow cover  and t h e  d e s i r e  t o  i n c r e a s e  t h e  
d i f f e r e n c e s  i n  cow body cond i t i on  a t  t h e  end of t rea tment  per iods ,  d i e t s  were 
changed i n  1985. For e a r l y  w in te r ,  h igh  t rea tment  cows were f u l l  f ed  g r a s s  hay 
(mostly brome, crude p r o t e i n  8.6%; ADF 46%) wi th  access  t o  n a t i v e  range. Low 
t rea tment  cows rece ived  s i m i l a r  g r a s s  hay t o  meet 70% of t h e i r  NRC requirements  
f o r  metabol izable  energy and remained i n  d r y l o t .  Beginning i n  e a r l y  February, 
a l l  cows were supplemented w i t h  2 l b  of a 41% p r o t e i n  supplement (mostly soybean 
meal) and rece ived  g r a s s  hay when snow cover  prevented grazing.  For l a t e  w in te r ,  
h igh  t rea tment  cows rece ived  2 l b  of t h e  same supplement wh i l e  graz ing  n a t i v e  
range. Low t rea tment  cows rece ived  2 l b  of t h e  41% p r o t e i n  supplement and g r a s s  
hay (crude p r o t e i n  6%: ADF 42%) t o  meet 70% of t h e i r  NRC requirements f o r  
metabol izable  energy wh i l e  i n  d r y l o t .  
Each y e a r  cow body cond i t i on  sco res  ( t a b l e  11, cow weights  ( a f t e r  overn ight  
withdrawal from feed  and w a t e r ) ,  back fa t  needle  probes (Cooks probe taken between 
1 2 t h  and 1 3 t h  r i b ) ,  weight :height  r a t i o s  (weight + height  a t  top of t h e  hook 
bones) and cow weight changes were monitored monthly from December through J u l y .  
The ca lv ing  season began t h e  second week i n  March and cows were exposed t o  
Charo la i s  b u l l s  f o r  60 days beginning June 5.  Cows were b l ed  i n  e a r l y  May, June 
and J u l y  f o r  d e t e c t i o n  of c y c l i c  a c t i v i t y  v i a  serum proges te rone  a s  determined by 
r a d i o h u n o a s s a y .  Only records  from cows nurs ing  c a l v e s  were included i n  
s t a t i s t i c a l  ana lys i s .  
Resu l t s  and Discussion 
Cows supplemented i n  e a r l y  w in te r ,  1984, were h ighe r  (P<.05) i n  cond i t i on  
score ,  weight :height  r a t i o  and back fa t  j u s t  p r i o r  t o  ca lv ing  had inc reased  
(P< .05) weight g a i n s  from December t o  e a r l y  February (+1.0 lb /day  v s  - .5 lb/day)  . 
had a h ighe r  (P<.05) percentage cyc l ing  j u s t  p r i o r  t o  t h e  breeding season (58% v s  
34%) and had 8-day e a r l i e r  (P<.05) mean ca lv ing  d a t e s  i n  1986 than  
nonsupplemented cows ( t a b l e  2 ) .  Supplemented cows i n  l a t e  w in te r ,  1984. had 
s i m i l a r  cond i t i on  sco res ,  weight :height  r a t i o s  and back fa t  i n  e a r l y  June, weight  
changes from March t o  e a r l y  June and percentage cyc l ing  i n  e a r l y  May, June  and 
J u l y  a s  nonsupplemented cows. While pregnancy r a t e s  ( F a l l ,  1985) were n e a r  100% 
f o r  a l l  groups, cows r ece iv ing  h igh  l e v e l  d i e t s  f o r  both e a r l y  and l a t e  w i n t e r  
t r ea tmen t s  had 7- t o  12-day e a r l i e r  (P<.05) mean ca lv ing  d a t e s  i n  1986 than  cows 
on e i t h e r  o r  bo th  low l w e l  d i e t s ,  
I n  1985-86, g r e a t e r  d i f f e r e n c e s  i n  cow body cond i t i on  p r i o r  t o  ca lv ing  and 
breeding  were e s t a b l i s h e d  by n u t r i t i o n a l  t rea tments  ( t a b l e  3 ) .  Cows on h igh  
e a r l y  w i n t e r  t rea tment ,  1985, had h ighe r  (P<.05) body cond i t i on  j u s t  p r i o r  t o  
ca lv ing  (P<.05) and increased  (P<.05) weight ga ins  from December t o  February 
(+.5 lb /day  v s  -7 lb/day)  than  low e a r l y  w i n t e r  t rea tment  cows. Percentages of 
cows cyc l ing  i n  e a r l y  May, June and J u l y  were s i m i l a r  f o r  bo th  e a r l y  w i n t e r  
n u t r i t i o n a l  groups. High l a t e  w i n t e r  t rea tment  cows had (P<.05) h ighe r  cond i t i on  
sco res ,  weight :height  r a t i o s  and backfa t  i n  e a r l y  June, h ighe r  (P<.05) weight 
g a i n s  from March t o  e a r l y  June (+4 l b  v s  -51 l b )  and h ighe r  (P<.05) percentage  of 
cows cyc l ing  i n  e a r l y . J u n e  and J u l y .  It appeared low e a r l y  w i n t e r  t r ea tmen t  cows 
f ed  NRC d i e t s  postpartum were a b l e  t o  r ega in  prepartum weight  l o s s e s  and e x h i b i t  
c y c l i n g  r a t e s  p r i o r  t o  breeding  s i m i l a r  t o  high-high t rea tment  cows. 
Mean ca lv ing  da te .  1986. was e a r l i e r  (P=.09) f o r  cows wi th  h igher  c o n d i t i o n  
s c o r e s  i n  e a r l y  May. 1985 ( t a b l e  4 ) .  Cow cond i t i on  s c o r e  i n  e a r l y  March. May o r  
June had h ighe r  (P<.05) percentage c y c l i n g  r a t e s  i n  May. June and Ju ly .  Cows 
t h a t  maintained o r  s l i g h t l y  i nc reased  body cond i t i on  s c o r e  from e a r l y  March u n t i l  
t hey  were tu rned  out  t o  s p r i n g  p a s t u r e  i n  e a r l y  May tended t o  have h i g h e r  
percentage  c y c l i n g  r a t e s  i n  e a r l y  May. June and J u l y  t han  cows d e c l i n i n g  i n  
c o n d i t i o n  s c o r e  (P=.14. .16, .17 f o r  May, June and Ju ly .  r e s p e c t i v e l y ) .  Th i s  
t r e n d  was s i m i l a r  r e g a r d l e s s  of cow cond i t i on  s co re  i n  e a r l y  March. 
These pre l iminary  r e s u l t s  i n d i c a t e  t h a t  March ca lv ing  cows g raz ing  n a t i v e  
range under wes te rn  South Dakota cond i t i ons  should be  of cond i t i on  s c o r e  5 o r  
g r e a t e r  p r i o r  t o  ca lv ing  and i n  e a r l y  May t o  have 60% cyc l ing  by e a r l y  June and 
90% cyc l ing  by e a r l y  Ju ly .  It i s  a l s o  suggested t h a t  cows main ta in ing  body 
c o n d i t i o n  (March t o  May) tend  t o  have h ighe r  cyc l ing  rates i n  e a r l y  May, June and 
J u l y  t han  cows l o s i n g  body cond i t i on  dur ing  t h a t  same per iod.  Inc luding  ano the r  
1 1 /2  y e a r s  in format ion  w i l l  a l low u s  t o  determine more s p e c i f i c  recommendations 
i n  regard  t o  body cond i t i on  and weight changes of beef cows f o r  adequate  
r ep roduc t ive  performance. 
TABLE 1. COW BODY CONDITION SCORE SCALEa 
Cow body 
cond i t i on  s c o r e  Desc r ip t ion  
Severely Emaciated. A l l  r i b s  and bone s t r u c t u r e  
e a s i l y  v i s i b l e .  Animal i s  phys i ca l ly  weak and 
e x h i b i t s  d i f f i c u l t y  wi th  s tanding  o r  walking. No 
e x t e r n a l  f a t  p re sen t  by s i g h t  o r  touch. 
Emaciated. S imi l a r  t o  1. but  no t  weakened. 
Very Thin. No v i s i b l e  f a t  on r i b s  o r  b r i s k e t .  
I nd iv idua l  muscles i n  t h e  hind q u a r t e r  a r e  e a s i l y  
v i s i b l e  and backbone i s  apparent .  
Thin. Ribs and p i n  bones a r e  e a s i l y  v i s i b l e  and 
f a t  i s  not  apparent  on r i b s  o r  p in  bones. 
Ind iv idua l  muscles i n  t h e  hind q u a r t e r  a r e  apparent .  
Moderate. Ribs a r e  l e s s  apparent  than  i n  4. 
Las t  2-3 r i b s  can be seen. No f a t  i n  b r i s k e t .  
I nd iv idua l  muscles i n  hind q u a r t e r  a r e  no t  apparent .  
Good. Smooth appearance throughout.  Some f a t  
depos i t i on  i n  b r i s k e t .  I nd iv idua l  r i b s  a r e  no t  
v i s i b l e .  
Good. B r i s k e t  i s  f u l l .  t a i l  head and p i n  Very- 
bones have v i s i b l e  d e p o s i t s  of f a t .  
Back appears  square due t o  f a t .  when viewed from 
behind. 
Obese. Back i s  very  square.  Br i ske t  i s  d is tended  
wi th  f a t .  Large pro t ruding  d e p o s i t s  of f a t  on 
t a i l  head and p i n  bones. 
Obese. Desc r ip t ion  of 8 taken t o  g r e a t e r  Very- 
extremes. 
a  Adapted from Wagner e t  a l . .  1985. 
TABLE 2. EFFECTS OF EARLY AND LATE WINTER TREATMENTS (1985) 
Ear ly  w i n t e r  t rea tment  High Low 
La te  w i n t e r  t rea tment  High Low High Low 
No. cows 
Cow w t .  l b .  12/13/86 
Cow cond i t i on  sco re  
3/12/85 
5/7/85 
6/ 5/ 85 
Cow w t  change. l b  
12/13/84-2/15/85 
2/15/85-3/12/85 
3/12/85-6/5/85 
12/13/84-5/7/85 
12/13/84-6/5/85 
Cows cycl ing.  % 
5/7/85 
6/ 5/ 85 
7/2/85 
Cows pregnant.  % 
F a l l  1985 
Mean ca lv ing  d a t e  
( fo l lowing  yea r )  Mar 27a Apr 3ab Apr 6b Apr 8b 
- - - - - - - - - - 
a.b. Means without  common s u p e r s c r i p t s  d i f f e r  (PC .05). 
TABLE 3. EFFECTS OF EARLY AND LATE WINTER TREATblEWS (1986) 
Ear ly  w i n t e r  t rea tment  High Low 
La te  w i n t e r  t rea tment  High Low H i ~ h  Low 
No. cows 
Cow w t .  l b .  12/9/85 
Cow c o n d i t i o n  s c o r e  
3/7/86 
5/7/86 
6/5/86 
Cow w t  change. l b  
12/9/85-2/7/86 
2/7/86-3/7/86 
3/7/86-6/5/86 
12/ 9/ 86-5/ 9/ 86 
12/9/86-6/5/ 86 
Cows cycl ing.  % 
5/9/86 
6/5/86 
7/2/86 
a* b* Means wi thout  common s u p e r s c r i p t s  d i f f e r  (P< .05). 
TABLE 4. EFFECTS OF CONDITION SCORE AND CONDITION SCORE 
CHANGE ON REPRODUCTIVE PERFORE'MANa 
- 
X cows cyc l ing  on Average 
ca lv ing  
5 19  615 7 12 date .  1986 
Condition s c o r e  p r i o r  t o  ca lv ing  
4 0 a 15a 5 8a Apr 10  
5 gab 41b 8 4b Apr 8 
6 2 4b 6 6C 93b Apr 2 
7 63C 82C 9 8b Mar 31 
Condition sco re  i n  e a r l y  May 
3 0 a 
4 5 a  
5 26b 
6 25b 
5 a 33a Apr l l a  
2 2a 7 6b Apr 5a 
6 0b 90b Apr 3 a  
5 9b 9gb Mar 27b 
Change i n  cond i t i on  s c o r e  (preca lv ing  t o  May) 
Decreased 17 47 8 8 Apr 6 
No change o r  s l i g h t  3 0 55 78 Apr 3 
i n c r e a s e  
a*b* Means w i t h i n  column, without  common s u p e r s c r i p t s  d i f f e r  (P< .05) .  
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I n  a  range improvement s tudy,  bo th  l i q u i d  and p e l l e t e d  forms of Picloram 
were e f f e c t i v e  i n  c o n t r o l l i n g  p r i ck lypea r  cac tus .  Higher r a t e s  of chemical 
hastened c o n t r o l  and gave more complete con t ro l .  A t  lower r a t e s ,  c a c t u s  was 
recover ing  i n  1985, t h e  f o u r t h  y e a r  of s tudy,  sugges t ing  t h a t  h ighe r  r a t e s  may be 
most c o s t  e f f e c t i v e .  
I n  1983 noncactus v e g e t a t i o n  response was minor. I n  1984, " a l l  pe renn ia l  
g ra s s "  product ion  inc reased  by more than 50% (312 lb/A) a t  h igher  r a t e s  of 
Picloram. S h i f t s  i n  "cool season" and I'warm season" g r a s s  components were 
nons ign i f i can t .  I n  1985, "cool season grass"  was n o t  g e n e r a l l y  a f f e c t e d  by 
t rea tments ,  bu t  "warm season grass"  increased  a t  s e v e r a l  r a t e s  of Picloram. 
Cactus cont inued t o  decrease.  
Grass  u t i l i z a t i o n  by c a t t l e  i n  1984 increased  g r e a t l y  a t  h igher  r a t e s  of 
Picloram. It appears  l i k e l y  t h a t  d e s i r a b l e  g razab le  fo rage  can be increased  when 
c a c t u s  i s  decreased. Access t o  forage  appears  t o  improve s u b s t a n t i a l l y  a s  c a c t u s  
pads co l l apse .  Based only on 1984 l i v e s t o c k  graz ing  u t i l i z a t i o n  e s t ima te s  and on 
1984 i n c r e a s e s  i n  pe renn ia l  g r a s s  product ion,  p o t e n t i a l  r educ t ions  i n  acreages  
r equ i r ed  f o r  l i v e s t o c k  graz ing  ranged from 49 t o  72%. Economic ana lyses  w i l l  b e  
conducted a t  t h e  end of t h e  study. 
Key Words: Range Improvement, Pr ick lypear  Control ,  Picloram.) 
In t roduc t ion  
P r i ck lypea r  cac tus  occurs  i n  moderate t o  h e m y  l e v e l s  of i n f e s t a t i o n  i n  1.3 
m i l l i o n  a c r e s  i n  t h e  wes tern  p a r t  of South Dakota. Espec ia l ly  a f t e r  a  s e r i e s  of 
dry yea r s ,  r e q u e s t s  f o r  in format ion  on t h e  c o n t r o l  of p r i ck lypea r  a r e  received.  
I n t e r e s t  u s u a l l y  c e n t e r s  on which he rb i c ides  a r e  b e s t ,  how long t h e  cac tus  w i l l  
be  c o n t r o l l e d  and whether a s soc i a t ed  pe renn ia l  g r a s s  product ion w i l l  i nc rease .  
Addi t iona l ly ,  l i v e s t o c k  a r e  known t o  avoid s t epp ing  on cac tus  pads o r  graz ing  t h e  
g r a s s  among them, which e f f e c t i v e l y  decreases  t h e  acreage a v a i l a b l e  f o r  grazing.  
This  i n t e r e s t  prompted a  s tudy  on p r i ck lypea r  c o n t r o l  i n  F a l l  River  County. 
The s tudy  was s t a r t e d  i n  1982 and i s  expected t o  cont inue through 1987 o r  1988. 
This  r e p o r t  i s  through t h e  1985 growing season. The o b j e c t i v e s  of t h i s  r e sea rch  
a r e  t o  examine (1)  t h e  e f f e c t i v e n e s s  of p r i ck lypea r  c o n t r o l  w i t h  Picloram us ing  
two formula t ions  a t  s e v e r a l  r a t e s ;  (2)  t h e  response of noncactus vege ta t ion ;  and 
(3) t o  e s t a b l i s h  some e s t ima te  of c o s t  e f f e c t i v e n e s s  (not  r epo r t ed  he re )  
cons ide r ing  ( a )  p o s s i b l e  i nc reases  i n  forage  product ion and (b) b e t t e r  fo rage  
a c c e s s i b i l i t y  t o  graz ing  animals once cac tus  pads co l lapse .  
Picloram is t h e  gene r i c  name of Tordon, a  product of Dow Chemical USA. Its 
use i n  t h i s  p r o j e c t  should not  be considered an endorsement. 
Experimental Procedure 
The s tudy  s i t e  s e l e c t e d  was a  clayey range s i t e  w i t h  (1)  moderate l e v e l s  of 
pr ick lypear ,  (2)  r e p r e s e n t a t i v e  of p r i ck lypea r  a r eas ,  (3)  v e g e t a t i o n a l l y  uniform, 
and (4) l a r g e  enough t o  r ece ive  l i v e s t o c k  g raz ing  impact. The p r i n c i p a l  coo l  
season pe renn ia l  g r a s s  was wes tern  wheatgrass  and warm season g r a s s e s  were 
b u f f a l o g r a s s  and b l u e  grama. Annual g r a s s e s  were Japanese brome and sixweeks 
fescue.  The p r i n c i p a l  pe renn ia l  fo rbs  were American v e t c h  and s c a r l e t  
globemallow. 
Picloram t rea tments  were app l i ed  once only i n  e a r l y  J u l y  1982 wh i l e  
v e g e t a t i o n  was a c t i v e l y  growing and p r i ck lypea r  was i n  blossom. I n  1983. 1984. 
1985 and 1986 (not  repor ted)  peak s tanding  crop was es t imated  f o r  p r i n c i p a l  
v e g e t a t i o n  components. Addi t iona l ly ,  i n  1984, g r a s s  u t i l i z a t i o n  by c a t t l e  was 
es t imated  f o r  each t reatment .  
L iquid  formula t ions  of Picloram 22K were app l i ed  using a  p re s su r i zed  f i e l d  
p l o t  sprayer .  P e l l e t e d  formula t ions  of Picloram 2K were app l i ed  us ing  a  small .  
hand cranked f e r t i l i z e r  spreader .  
A t o t a l  of e i g h t  t rea tments  were c r ea t ed  inc lud ing  a  con t ro l .  The he rb i c ide  
r a t e s  were intended t o  bracke t  t h e  known e f f e c t i v e  r a t e s  f o r  bo th  formula t ions  
(22K and 2K) : 
Treatment 
r a t e  (lb/A) 
0  
Treatment 
formulat ion 
- 
2 2K 
2  2K 
The f i e l d  design was a  randomized block wi th  fou r  r e p l i c a t i o n s  and e i g h t  
t rea tments .  Ind iv idua l  p l o t s  were 25 x 100 f e e t .  Subplots  f o r  v e g e t a t i o n  
sampling were 1 x 4.8 f e e t .  Each year ,  f i v e  subp lo t s  per  p l o t  were c l ipped  t o  
ground l w e l  f o r  peak s t and ing  crop es t imates .  Visual  e s t ima te s  of p r i ck lypea r  
cover  were taken  from 20 subp lo t s  pe r  p lo t .  Addi t iona l ly ,  i n  1984, an 
experienced e s t ima to r  eva lua ted  pe renn ia l  g r a s s  u t i l i z a t i o n  by l i v e s t o c k  a t  
s eason ' s  end. Each p l o t  was v i s u a l l y  inspec ted  and use determined. The 
e s t ima to r  d i d  n o t  know t h e  t rea tment  i d e n t i t y  of t h e  p l o t s .  
Resul t s  and Discussion 
Over t h e  yea r s ,  p r e c i p i t a t i o n  v a r i a t i o n  has had a  major impact on v e g e t a t i o n  
product ion.  About 10 inches  i s  average f o r  April-July, which a r e  t h e  most 
c r i t i c a l  months f o r  range forage  production. The v a r i a t i o n  i n  Apri l -July 
p r e c i p i t a t i o n  shown i n  t a b l e  1 is  worthy of no t i ce .  I n  1983, peak s tanding  crop 
(PSC) was 1.607 l b ,  which may be somewhat above average, probably a  r e s u l t  of 3.9 
inches  of r a i n  i n  October, 1982. The 1984 product ion of 1.214 l b  may be c l o s e r  
t o  average. The 1985 va lue  of 205 l b  r e f l e c t s  t h e  seve re  drought of t h a t  year .  
Perennia l  g ra s ses  con t r ibu ted  t h e  g r e a t e s t  sha re  of PSC f o r  t h e  noncactus 
v e g e t a t i o n  a t  63% ( t a b l e  2) .  whi le  annual g ra s ses ,  annual fo rbs  and pe renn ia l  
fo rbs  con t r ibu ted  37%. When a l l  vege ta t ion ,  inc luding  p r i ck lypea r  was 
considered,  p r i ck lypea r  con t r ibu ted  an overwhelming 76Z of t h e  PSC, due 
p r i n c i p a l l y  t o  t h e  long l i f e  span of t h e  pads. 
Aer i a l  cover  of cac tus  never  exceeded 7% i n  1983, t h e  f i r s t  y e a r  of t h e  
s tudy ( f i g u r e  1 ) .  I n  focusing on t h e  cont ro l .  cac tus  cover  decreased n a t u r a l l y  
over  t h e  t h r e e  y e a r s  (1983-1985) f o r  unknown reasons. For t h e  Picloram 
t rea tments ,  t h e  amount of l i v e  cac tus  decreased s t e a d i l y  over t h e  yea r s .  
Decreases were g r e a t e s t  and most r ap id  a t  t h e  h ighes t  r a t e s .  Both t h e  l i q u i d  
(22K) and p e l l e t e d  (2K) formulat ions of Picloram were e f f e c t i v e  i n  cac tus  
con t ro l .  A t  t h e  h ighe r  r a t e s ,  e s p e c i a l l y  f o r  22K, t h e r e  was e s s e n t i a l l y  no l i v e  
cac tus  by 1985. Also by 1985, t h e r e  was some evidence of p r i ck lypea r  recovery, 
p a r t i c u l a r l y  a t  t h e  lower r a t e s  of Picloram. 
A d e t a i l e d  look a t  1983 product ion (peak s tanding  crop,  t a b l e  3 )  r e v e a l s  
t h a t  t h e r e  was no change i n  "perennial  grass"  due t o  Pisloram. The amounts of 
change i n  t h e  "annual fo rbm component represented  a  small  po r t ion  of t h e  t o t a l  
production. However, e s p e c i a l l y  a t  t h e  h igher  r a t e s  of Picloram, a l l  fo rbs  were 
nea r ly  el iminated.  Forbs a r e  known t o  be s e n s i t i v e  t o  P i c l o r a m .  Even though 
t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  i n  "cactus" product ion,  t r ends  f o r  decreased 
cac tus  were q u i t e  ev ident  i n  some treatments .  
Some important f e a t u r e s  were ev ident  i n  t h e  1984 PSC ( t a b l e  4 ) .  For 
example, t h e r e  were few s i g n i f i c a n t  d i f f e r e n c e s  i n  product ion f o r  e i t h e r  t h e  
t t ~ o o l  season" o r  "warm season grass"  components. By c o n t r a s t ,  when cool  and warm 
season g ras ses  a r e  t o t a l e d  i n  " a l l  perennia l  grass ,"  s e v e r a l  of t h e  Picloram 
t rea tments  y i e l d e d  s u b s t a n t i a l  i nc reases  i n  production--up t o  70%. In  reviewing 
"annual grass"  product ion,  i nd iv idua l  comparisons revealed t h a t  t h e  tmo h ighes t  
r a t e s  of Picloram, namely 1 / 2  22K and 3 / 4  2K, s i g n i f i c a n t l y  reduced product ion 
when compared t o  t h e  con t ro l .  Also, cac tus  product ion was g r e a t l y  reduced. 
e s p e c i a l l y  a t  h igher  r a t e s .  
I n  1985 ( t a b l e  3 ) .  some r a t e s  of Picloram tended t o  decrease  product ion of 
"cool season grass ."  For "warm season grass." some Picloram t rea tments  increased  
production. For " a l l  perennia l  grass ,"  s eve ra l  t rea tments  increased  product ion 
much l i k e  1984. "Cactus" was nea r ly  e l iminated  i n  1984 s o  t h a t  t h e  1985 " t o t a l  
no cac tus"  response p a r a l l e l e d  t h e  " a l l  perennia l  grass"  response. Picloram 
g r e a t l y  reduced " t o t a l "  production, which included cactus.  
Grass u t i l i z a t i o n  es t imates .  a t  t h e  end of t h e  graz ing  season i n  1984 showed 
a  c o n s i s t e n t  p a t t e r n  of increased  l i v e s t o c k  use  wi th  higher  r a t e s  of Picloram 
( t a b l e  6 ) .  I n  comparing t h e  means (averages) ,  i t  i s  apparent t h a t  g r a s s  
u t i l i z a t i o n  was s i g n i f i c a n t l y  increased i n  t h e  Picloram treatments .  This  was t h e  
f i r s t  y e a r  i n  which cac tus  pads had col lapsed ,  providing g r e a t e r  a c c e s s i b i l i t y  t o  
t h e  g ras s .  
TABLE 1. PRECIPITATION IMPACTS ON PRODUCTION 
April-July Peak P S C ~  wi th  
Year p r e c i p i t a t i o n  s tanding  c rop l  cac tus  
Inches Pounds/ a c r e  Pounds/acre 
Peak s tanding  crop i s  from "control .  " 
TABLE 2 .  RELATIVE PRODUCTION (1983-1985) 
EXPRESSED AS PERCENTAGES 
Peak 
s tanding  crop 
without  PSC w i t h  
Production components cac tus1  cac tus1  
Cool season g ras ses  39 10 
Warm season g ras ses  2 4  6 
( a l l  perennia l  g ra s ses )  (63) (16) 
Annual g ra s ses  and f o r b s  
and perennia l  Torbs 3 7 8 
Pr ick lypear  cac tus  -- 7 6 
Tota l  without  cac tus  100 -- 
Tota l  inc luding  cac tus  -- 100 
1 Control,  1983-1985. 
Years 1983-1985 ( 3 , 4 , 5 )  
Figure 1. Live cactus cover. 
TABLE 3 .  1983 PEAK STANDING CROP - PERTINENT COMPARISONS 
A l l  
Treat- perennia l  Annual Annual Perennial  
ment g ra s  s grass .  fo rb  f o r b  cactus2 Tota l  
Control 
1 / 8  22K 
1 / 4  22K 
3 / 8  22K 
1 / 2  22K 
1 / 4  2K 
1 / 2  2K 
3 / 4  2K 
NS = va lues  w i t h i n  t h e  same column a r e  not  s i g n i f i c a n t l y  d i f f e r e n t  (P>.05). 
a.b = va lues  w i t h i n  t h e  same column followed by d i f f e r e n t  l e t t e r s  a r e  
s i g n i f i c a n t l y  d i f f e r e n t  (P>.05). 
Many va lues  i n  t h i s  column show a  s t rong  t r end  f o r  being l e s s  than  t h e  
con t ro l .  
TABLE 4 .  1984 PEAK STANDING CROP - PERTINENT COMPARISONS 
Cool Warm Al l  To ta l  
Treat-  season season perennia l  Annual no 
ment g r a s s  g r a s s  g r a s s  g r a s s  Cactus cac tus  
Control 502 NS 
1 / 8  22K 603 NS 
1 / 4  22K 415 NS 
3 / 8  22K 626 NS 
1 / 2  22K 774  NS 
1 / 4  2K 511 NS 
1 / 2  2K 611 NS 
3 / 4  2K 594  NS 
1  NS = va lues  w i t h i n  t h e  same column a r e  not s i g n i f i c a n t l y  d i f f e r e n t  (P>.05). 
a.bsc Values w i t h i n  t h e  same column followed by d i f f e r e n t  l e t t e r s  a r e  
s i g n i f i c a n t l y  d i f f e r e n t  (P<.05). 
TABLE 5. 1985 PEAK STANDING CROP - PERTINENT COMPARISONS 
Cool Warm A l l  Tot a 1  
Treat- season season pe renn ia l  no 
ment g r a s s  g r a s s  g r a s s  Cactus cac tus  T o t a l  
Control  
1/8 22K 
1/4 22K 
3/8 22K 
1/2 22K 
1/4 2K 
1/2 2K 
3/4 2K 
Within a  column, va lues  followed by d i f f e r e n t  l e t t e r s  a r e  s i g n i f i c a n t l y  
d i f f e r e n t  (PC .05). 
anbnc Values w i t h i n  t h e  same column followed by d i f f e r e n t  l e t t e r s  a r e  
s i g n i f i c a n t l y  d i f f e r e n t  (Pc.05). 
NT = no t e s t ,  t o o  many z e r o  va lues .  
TABLE 6 .  1984 GRASS UTILIZATION BY CATTLE 
- - 
Treat-  
ment 
Control  
1/8 22K 
1/4 22K 
3/8 22K 
1/2 22K 
1/4 2K 
1/2 2K 
3/4 2K 
Rep l i ca t ions  
1 - 2 3 4 A V ~ ~  
% use 
Values followed by d i f f e r e n t  l e t t e r s  w i t h i n  a  column a r e  s i g n i f i c a n t l y  
d i f f e r e n t  (Pc.05). 
a*bncndne,fng Values w i t h i n  t h e  same column followed by d i f f e r e n t  
l e t t e r s  a r e  s i g n i f i c a n t l y  d i f f e r e n t  (Pc.05). 
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Annual y i e l d s  of western wheatgrass and t o t a l  vege ta t ion  were increased  on a 
clayey range s i t e  fol lowing mechanical treatment.  More important t o  t h e  range 
manager, yea r  t o  yea r  v a r i a b i l i t y  i n  forage  product ion was reduced, s i n c e  s o i l  
moisture i s  s t a b i l i z e d .  
Yields of Japanese brome, an annual grass ,  increased  from t h e  second through 
t h e  f o u r t h  growing seasons a f t e r  t reatment .  Three consecutive y e a r s  of abundant 
f a l l  p r e c i p i t a t i o n  beginning i n  1980 probably t r igge red  seed germination of t h i s  
i invader  p l an t .  
I Prescr ibed  burning of t h e  mechanical range t rea tments  d r a s t i c a l l y  reduced 
' , -  product ion of Japanese brome and increased  forage  q u a l i t y .  Both quan t i ty  and 
q u a l i t y  of western wheatgrass increased  a f t e r  burning. Prescribed burning d i d  
1 not  negat ive ly  impact y i e l d s  of t o t a l  vegeta t ion .  Reducing t h e  y i e l d  of an 
undes i rab le  spec ie s  such as Japanese brome causes an inc rease  i n  percentage 
composition, i f  not  t h e  y i e l d ,  of d e s i r a b l e s  such a s  western wheatgrass.  
Therefore, range condi t ion  percentage and ca r ry ing  capaci ty  should be  higher .  
Fu r the r  prescr ibed  burning r e sea rch  i n  South Dakota would appear t o  be important 
s i n c e  t h e  cos t  of t h i s  p r a c t i c e  i s  r e l a t i v e l y  low compared wi th  most, i f  not  a l l ,  
o t h e r  range improvement p rac t i ces .  
(Key Words : Range Improvement, Prescr ibed  Burning, Forage Yields.  ) 
In t roduct ion  
Mechanical t rea tments  on rangelands have a proven record of i nc reas ing  both 
forage  quan t i ty  and q u a l i t y .  The type of t reatment  is  dependent on landowner 
preference  and equipment ava i l ab le .  Dozens of furrowers have been b u i l t  by 
landowners i n  t h e  pas t  few years .  Many landowners recognize t h a t  a two-fold o r  
g r e a t e r  i nc rease  i n  forage  quan t i ty  fol lowing mechanical t reatment  i s  l e s s  c o s t l y  
than  purchasing a d d i t i o n a l  grazing land.  
Both dens i ty  and forage  y i e l d s  of western wheatgrass increased  fol lowing 
mechanical t rea tment  of claypan s o i l s  (Gartner and White, 1984). The cause i s  
probably improved s o i l  moisture,  s i n c e  p r e c i p i t a t i o n  was r e t a ined  where it f e l l .  
Mechanical t rea tments  sometimes cause a populat ion explosion of annual g ra s ses ,  
e s p e c i a l l y  Japanese brome. With favorable  s o i l  moisture,  annuals quickly  become 
e s t a b l i s h e d  where n a t i v e  v e g t a t i o n  i s  d is turbed  and where s o i l  n i t rogen  l e v e l s  
may be temporari ly increased.  
I f  t h e  annual g r a s s  populat ion becomes abundant, d e s i r a b l e  pe renn ia l  g r a s s e s  
a r e  adverse ly  a f f e c t e d  by t h e  competi t ion f o r  mois ture  and n u t r i e n t s .  Previous 
research  i n  wes tern  South Dakota has shown t h a t  both y i e l d  and dens i ty  of 
Japanese brome can be  reduced by p r e s c r i b e d  burning i n  winter ,  s p r i n g  o r  f a l l  
(Gartner  e t  a l . ,  1978).  A t  t he  same time, y i e l d  and dens i ty  of wes tern  
wheatgrass  can be  expected t o  inc rease ,  e s p e c i a l l y  when burning i s  done i n  l a t e  
w i n t e r  o r  e a r l y  spr ing .  Prescribed burning a s  a range management o r  range 
improvement t o o l  has been suppressed i n  South Dakota, probably because of 
landowner exper ience  wi th  de t r imen ta l  e f f e c t s  caused by some w i l d f i r e s .  However, 
r e sea rch  and exper ience  have shown t h a t  t h e r e  can be many p o s i t i v e  b e n e f i t s  from 
p resc r ibed  burning of range ecosystems. 
The .  purpose of t h e  s tudy repor ted  he re in  was t o  t e s t  t h e  hypotheses t h a t  
(1)  a seve re  invas ion  of mechanically t r e a t e d  rangeland by Japanese brome could 
be  e f f e c t i v e l y  reduced by burning, (2) burning would not  adverse ly  a f f e c t  t o t a l  
forage  y i e l d s  and may inc rease  wes tern  wheatgrass  y i e l d s ,  and (3) burning might 
improve fo rage  q u a l i t y .  Information repor ted  h e r e i n  should be  considered a s  a 
progress  r e p o r t ,  s i n c e  a l l  d a t a  have no t  been t e s t e d  s t a t i s t i c a l l y .  
Experimental Procedure 
Three mechanical t rea tments  and an un t r ea t ed  c o n t r o l  were randomly assigned 
t o  each of t h e  t h r e e  r e p l i c a t i o n s  a c r o s s  a south-facing clayey range s i t e  i n  
c e n t r a l  Meade County. P i t t i n g ,  furrowing and a r i p  + furrow treatment  were 
app l i ed  on t h e  contour  i n  t h e  f a l l  of 1978. Each t rea tment  comprised an  a r e a  of 
32 x 125 f e e t  (about .1 a c r e ) .  I n  1979, about 2 acres ,  encompassing a l l  
t rea tments ,  and ample ad jacent  un t r ea t ed  range, were fenced t o  permit  fo rage  
sampling whi le  c a t t l e  were u t i l i z i n g  t h e  pas ture .  
Vegetat ion sampling began i n  1980, t h e  second growing season a f t e r  
mechanical t rea tments  were appl ied .  Five randomly loca ted  1 x 4.8-foot p l o t s  
were c l ipped  t o  ground l e v e l  about mid-July each summer. Vegetat ion was 
f i e ld - so r t ed  i n t o  t h e  fol lowing components: wes tern  wheatgrass,  o t h e r  pe renn ia l  
g ra s ses ,  annual g r a s s e s  and forbs .  Sacked samples were oven-dried a t  700 C f o r  
48 hours,  then weighed t o  t h e  n e a r e s t  .1 gram. I n  1984 and 1985, t h e  wes tern  
wheatgrass  component was analyzed f o r  crude p ro te in .  Other v e g e t a t i o n  a t t r i b u t e s  
es t imated  included western wheatgrass  and Japanese brome d e n s i t i e s .  
A l l  t rea tments  i n  t h e  o r i g i n a l  experimental design were burned on May 11, 
1984. The purpose of t h e  burning was t o  reduce an excess ive  accumulation of dead 
annual g r a s s e s  a s  w e l l  a s  t o  reduce f u t u r e  Japanese brome popula t ions  by 
des t roying  t h e  seed source. An a r e a  of un t r ea t ed  range, equal  i n  s i z e  t o  t h e  
o r i g i n a l  1978 t rea tments  and adjacent  t o  each r e p l i c a t i o n ,  was s taked and i n  1984 
became a f i f t h  t rea tment  f o r  sampling purposes, i . e . ,  no mechanical t rea tment  and 
n o t  burned. Each added a r e a  of range was thought t o  be eco log ica l ly  s i m i l a r  t o  
those  assigned a t rea tment  i n  1978. 
Resu l t s  and Discussion 
Tota l  v e g e t a t i o n  y i e l d s  i n  t h e  second growing season (1980) fol lowing 
mechanical t rea tment  were not  widely d i f f e r e n t  ( t a b l e  1 ) .  Grea ter  wes tern  
wheatgrass  y i e l d s  on mechanically t r e a t e d  p l o t s  compared t o  t h e  c o n t r o l s  
suggested a p o s i t i v e  response t o  t h e  t reatments .  I n  t h e  1982 and 1983 growing 
seasons,  t h e  percentage of western wheatgrass  s t a b i l i z e d  o r  began t o  d e c l i n e  i n  
a l l  bu t  t h e  r i p  + furrow treatment .  Tota l  vege ta t ion  y i e l d s  on t h e  two furrowing 
t r ea tmen t s  were considerably g r e a t e r  than on t h e  un t r ea t ed  c o n t r o l  i n  1982. 
Western wheatgrass  comprised a l a r g e  p o r t i o n  of those  d i f f e r e n c e s  between 
t rea tments .  Mechanical t rea tments ,  except p i t t i n g ,  appeared t o  e f f e c t i v e l y  
i n c r e a s e  forage  y i e l d s  and improve range condit ion.  
Japanese brome became a s i z a b l e  component of t h e  v e g e t a t i o n  on mechanically 
t r e a t e d  p l o t s  i n  1982 and 1983 ( t a b l e  1 ) .  That spec i e s  a l s o  inc reased  g r e a t l y  on 
p l o t s  having no mechanical t reatment .  S u b s t a n t i a l  i nc reases  i n  t h e  Japanese 
brome popula t ion  appear  r e l a t e d  t o  a combination of environmental f a c t o r s ,  
e s p e c i a l l y  f a l l  p r e c i p i t a t i o n .  While t o t a l  annual p r e c i p i t a t i o n  i n  northwestern 
South Dakota was above average i n  1978, t h e r e  was a d e f i c i t  i n  t h e  f a l l  
( t a b l e  2 ) .  F a l l  p r e c i p i t a t i o n  was a l s o  below average i n  1979. Thus, Japanese 
brome comprised only a smal l  percentage of t h e  t o t a l  v e g e t a t i o n  i n  1980 
i r r e s p e c t i v e  of t rea tment  ( t a b l e  1 )  . Above-average f a l l  p r e c i p i t a t i o n  from 1980 
through 1983 r e s u l t e d  i n  a f avo rab le  environment f o r  germinat ion and growth of 
t h i s  w i n t e r  annual grass .  
I n  mid-summer 1984, Japanese brome comprised a l a r g e  p o r t i o n  (38%) of t h e  
t o t a l  vege ta t ion  on those  p l o t s  w i th  n e i t h e r  mechanical t rea tment  nor  burned 
( t a b l e  1 ) .  However, t h a t  spec i e s  comprised only 7% of p l o t s  w i th  no mechanical 
t rea tment  bu t  which were burned t h e  p r w i o u s  May. While composition of Japanese 
brome was reduced on p l o t s  w i th  both mechanical t rea tment  and burning, a c t u a l  
weight  i nc reased  o r  was unchanged on t h e  two furrowing t reatments .  Vegetat ion 
green-up was more advanced on t h e  mechanical t r ea tmen t s  on t h e  d a t e  burned. 
Hence, burning w a s  less complete and l e s s  e f f e c t i v e  than  on p l o t s  w i t h  no 
mechanical t reatment .  The incomplete burn on mechanical t r ea tmen t s  was l e s s  
e f f e c t i v e  f o r  causing m o r t a l i t y  t o  Japanese brome p l a n t s  and seed. Burning 
probably would have been more e f f e c t i v e  i f  done about a month earlier. 
There appeared t o  be no carry-over e f f e c t  from burning i n t o  t h e  second 
growing season a f t e r  t h e  burn (1985). I n  genera l ,  both weight and composition of 
Japanese brome decreased from 1984 t o  1985 r ega rd l e s s  of t reatment .  That 
r educ t ion  can be  a t t r i b u t e d  t o  average f a l l  p r e c i p i t a t i o n  i n  1984 followed by an 
extremely dry w i n t e r  and s p r i n g  i n  1985. 
Burning s i g n i f i c a n t l y  reduced dens i ty  of Japanese brome i n  1984, b u t  t h e r e  
was no carry-over e f f e c t  i n  1985 ( t a b l e  3 ) .  Western wheatgrass  dens i ty  decreased 
somewhat a f t e r  burning,  con t r a ry  t o  e a r l i e r  s t u d i e s  (Gartner  e t  a l . ,  1978) . That 
nega t ive  response was ve ry  l i k e l y  caused by burning when wes tern  wheatgrass  was 
a c t i v e l y  growing. 
Burning s i g n i f i c a n t l y  increased  t h e  crude p r o t e i n  content  of wes tern  
wheatgrass  i n  t h e  f i r s t  growing season post-burn wi th  o r  wi thout  p r i o r  mechanical 
t rea tment  ( t a b l e  4 ) .  No o t h e r  r e sea rch  has been found t h a t  r epo r t ed  v e g e t a t i o n  
responses t o  a combination of mechanical t rea tment  and burning. However, a 
Montana landowner has burned furrowed range w i t h  f avo rab le  r e s u l t s  (Frank Sparks,  
Pelvna, MT, personal  communication). Drought i n  1985, which caused reduced p l a n t  
growth, may have l e d  t o  increased  n i t r a t e  uptake by p l a n t s ,  r e s u l t i n g  i n  h ighe r  
crude p r o t e i n  i n  1985 than  i n  1984. 
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TABLE I .  EFFECT OF MECHANICAL TREATMENT AND BURNING ON YIELDS (LB/A) 
OF WESTERN WHEATGRASS, JAPANESE BROKE AND TOTAL VEGETATION ON A 
CLAYEY RANGE SITE, W. K. RANCH, I'iEA.DE COUNTY, SD, 1980-85. 
PERCENTAGE COMPOSITION OF GRASSES IS SHOWN I N  PARENTHESES 
Burning Treatment: Bum (May 11, 1984) Not burned 
Mechanical Treatment: Furrow Rip/ Furrow P i t  None None 
W. whtgrass.  : 
1980 Jap. brome : 
Tota l  veg. : 
W. whtgrass.  : 
1981 Jap. brome : 
Tota l  veg. : 
W .  whtgrass.  : 
1982 Jap. brome : 
Tota l  veg. : 
W. whtgrass.  : 
1983 Jap. brome : 
Tota l  veg. : 
W .  whtgrass.  : 
1984 Jap. brome : 
Tota l  veg. : 
W. whtgrass .  : 
1985 Jap. brome : 
Tota l  veg. : 
TABLE 2. AVERAGE ANNUAL AND FALL (AUGUST THROUGH OCTOBER) 
PRECIPITATION (INCHES) AND DEPARTURES FROM THE AVERAGE FOR 
 NORTHWEST^ SOUTH DAKOTA, 197 8-1 985 
Annual 17.56 12.53 11.66 14.48 24.76 14.71 16.89 13.68 
Dep. 2.14 -2.89 -3.76 -.94 9.34 -.57 1.61 -1.60 
Fa1 1 2.52 2.48 5.17 4.87 7.80 4.7 1 3.65 3.57 
Dep. -1.03 -1.07 1.62 1.32 4.25 1.14 .08 .OO 
A geographic  a r e a  de s igna t ed  by t h e  Nat iona l  C l ima t i c  Data Center ,  
Ashev i l l e ,  NC, t h a t  i n c l u d e s  a l l  o r  p a r t  of seven coun t i e s .  
TABLE 3. MEAN DENSITIES (STEMS/SQ. FT) OF JAPANESE BROME AND 
WESTERN WHEATGRASS ON BURNED AND UNBURNED RANGELAND, 
W. K. RANCH, MEADE COUNTY, SD 
Not burned Burned 
1984 1985 1984 1985 
J apanese  brome* 81 .Oa 2.2 12.2a 1.3 
Western whea tgrass  19.5 9.6 13.4 13 -1 
*Means i n  t h e  same row fol lowed by t h e  same let ter  are s i g n i f i c a n t l y  d i f f e r e n t  
(P< .05). 
TABLE 4. MEAN CRUDE PROTEIN (%) OF WESTERN WHEATGRASS CLIPPED AT 
GROUND LEVEL I N  JULY 1984 AND 1985 ON AREAS MECHANICALLY 
TREATED AND UNTREATED I N  197 8 AND BURNED MAY 11. 1984 
Burning Treatment:  None Burn 
Mechanical t rea tment1  : None C F P RF 
Treatments:  None and C = no mechanical t rea tment ;  F = contour  furrowing;  
P = p i t t i n g ;  RF = r i pp ing  + furrowing. 
Orthoganal comparisons of means were s i g n i f i c a n t l y  d i f f e r e n t  (P=.01) f o r  
none v s  C, F. P, RF; C v s  F. P, RF and F v s  P, RF f o r  bo th  years .  P v s  RF was 
no t  s i g n i f i c a n t l y  d i f f e r e n t  e i t h e r  year .  
RESPIRAmRY VIRUSES AND M!UBODIES IN PRECONDITIONED 
SOUTH DAKOTA FEEDER CALVES 
I M. L. Vickers and R. H. P r i t cha rd  
I Departments of Veter inary Science and 
\ Animal and Range Sciences 
Nasal swabs and blood samples were taken from a t o t a l  of 400 ca lves  on a  
precondi t ioning  eva lua t ion  program during 2 years .  F i f t y  ca lves  from each of 
fou r  South Dakota ranches were divided i n t o  precondit ioned (PC) and c o n t r o l  (CO) 
groups and sampled both on t h e  ranch and i n  t h e  f eed lo t .  The precondi t ioning  
program followed t h e  recommendations of t h e  South Dakota Beef C a t t l e  Improvement 
Associat ion and t h e  Extension Service and included vacc ina t ion  wi th  l i v e  v i r u s  
vacc ines  f o r  i n f e c t i o u s  bovine r h i n o t r a c h e i t i s  (IBR), bovine v i r a l  d i a r r h e a  (BVD) 
and parainfluenza-3 v i r u s  (PI3) . 
I n  both yea r s ,  v i r u s e s  were i s o l a t e d  from ca lves  on t h e  ranches be fo re  
vacc ina t ion .  PI3 and IBRwere r e a d i l y  i s o l a t e d  from ca lves  t h a t  were vacc ina ted  
2 weeks previously w i t h  a l i v e  i n t r a n a s a l  IBR-PI3 v i r u s  vaccine.  F i f ty - s ix  v i r u s  
i s o l a t i o n s  were made from t h e  200 ca lves  on a r r i v a l  a t  the  f e e d l o t  i n  t h e  second 
y e a r  i n  c o n t r a s t  t o  six made the  f i r s t  year .  
Serum was t e s t e d  f o r  an t ibodies  t o  IBR,  BVD, r e s p i r a t o r y  syncy t i a l  v i r u s  
(RSV) and PI3. P r w a c c i n a t i o n  an t ibod ies  were present  t o  PI3 and BVD during t h e  
f i r s t  y e a r  and t o  PI3, BM and RSV during t h e  second year .  Antibody l w e l s  
v a r i e d  among t h e  ranches. Se ro log ica l ly ,  r e s p i r a t o r y  s y n c y t i a l  v i r u s  was present  
i n  t h e  f e e d l o t  both yea r s ,  a l though i t  was only i s o l a t e d  t h e  second year .  
Sero logic  evidence from ca lves  i n  t h e  f e e d l o t  i nd ica t ed  t h a t  PI3 and RSV were t h e  
most prevalent  v i ruses .  There were no s i g n i f i c a n t  d i f f e r e n c e s  between t h e  h e a l t h  
sco res  of precondit ioned and c o n t r o l  ca lves  and t h i s  may have been i n f 1 u e n c e d . b ~  
the  presence of o t h e r  agents ,  i . e . ,  r e s p i r a t o r y  s y n c y t i a l  v i r u s  and 
en te rov i ruses .  
(Key Words : Precondit ioning,  IBR, P13, RSV, Enterovirus,  Serology. ) 
In t roduc t ion  
Respiratory d i sease  remains a major problem i n  f e e d l o t  c a t t l e .  Vaccinat ion 
i s  thought t o  reduce the  frequency and/or  s e v e r i t y  of r e s p i r a t o r y  d i sease  seen i n  
t h e  f i r s t  few weeks a f t e r  c a t t l e  a r r i v e  a t  t h e  f eed lo t .  Accordingly, vacc ina t ion  
has been incorpora ted  i n t o  precondit ioning programs formulated t o  he lp  ca lves  
b e t t e r  endure s t r e s s  caused by shipping. The ca lves  a r e  requi red  t o  have been 
vacc ina ted ,  t r e a t e d  f o r  p a r a s i t e s ,  weaned and bunk f ed  a t  l e a s t  30 days p r i o r  t o  
shipping. V i r a l  vaccines usua l ly  recommended inc lude  IBR,  BVD, PI3 and i n  some 
programs P a s t e u r e l l a  bac te r in .  
Unfortunately,  bovine r e s p i r a t o r y  d i sease  i s  n o t  caused by a  s i n g l e  
e t i o l o g i c  agent  bu t  r a t h e r  mixed i n f e c t i o n s  involv ing  s e v e r a l  d i f f e r e n t  v i r u s e s  
and b a c t e r i a l  spec i e s .  Vaccinat ion cont inues  t o  be used t o  prevent  l o s s e s  due t o  
r e s p i r a t o r y  d i s e a s e  i n  t h e  f i r s t  few weeks i n  t h e  feedlot ,  a l though t h e r e  i s  
l i t t l e  publ ished evidence f o r  i t s  e f f i c a c y .  The fol lowing i s  a  r e p o r t  of t h e  
e t i o l o g i c  agen t s  de t ec t ed  by v i r u s  i s o l a t i o n  and s e r o l o g i c  examinations. This  i s  
p a r t  of an ongoing p r o j e c t  t o  determine t h e  e f f e c t s  of t h e  precondi t ion ing  
program on c a l f  h e a l t h  and performance under cond i t i ons  found i n  a  South Dakota 
f e e d l o t .  
Experimental Procedure 
A t  each of f o u r  wes tern  South Dakota ranches, ca lves  were weighed, 
i d e n t i f i e d  and randomly s e l e c t e d  f o r  precondi t ion ing  (PC) o r  c o n t r o l s  (CO). The 
precondi t ioned  ca lves  were vacc ina ted  and r e l eased  along w i t h  t h e  c o n t r o l  c a l v e s  
back t o  t h e  dams. Two weeks l a t e r ,  t h e  PC ca lves  were weaned. The c o n t r o l s  were 
l e f t  w i t h  t h e  cows approximately 30 days longer .  then  a l l  t h e  ca lves  were shipped 
t o  t h e  Sioux F a l l s  Stockyards. They were weighed, r e s t e d  overn ight  and shipped 
t o  t h e  r e sea rch  f e e d l o t  i n  Brookings. The c o n t r o l  ca lves  were vacc ina t ed  on 
a r r i v a l  a t  t h e  f e e d l o t .  
Vaccinat ion.  The ca lves  were vacc ina ted  w i t h  modified l i v e  v i r u s  vacc ines .  
The f i r s t  y e a r  Nasalgen IBR/P13 w a s  adminis te red  i n t r a n a s a l l y  and BVD 
in t r amuscu la r ly  (IM). The second yea r ,  one-half of t h e  ca lves  (ranches A and B) 
were vacc ina t ed  w i t h  t h e  same vacc ines  and t h e  remainder (C and D) were 
vacc ina ted  in t ramuscular ly  w i t h  Resbo-3 (IBR/BVD/PI3). The ca lves  were a l s o  
g iven  a  b a c t e r i n  conta in ing  seven spec i e s  of c l o s t r i d i a  and t r e a t e d  f o r  
p a r a s i t e s .  
V i r o l o p ~ .  Nasal swabs were obta ined  on t h e  ranch b e f o r e  vacc ina t ion ,  2  
weeks l a t e r  a t  weaning and on a r r i v a l  a t  t h e  f eed lo t .  Swabs were a l s o  obta ined  
from f i v e  ca lves  w i t h  e l eva t ed  temperatures  t h a t  had been c u l l e d  f o r  t rea tment  on 
t h e  f i f t h  day a f t e r  a r r i v a l  because of s i g n s  of i n fec t ion .  Swabs were placed i n  
t r a n s p o r t  media u n t i l  processed f o r  v i r u s  i s o l a t i o n  a t  t h e  Animal Disease 
Research and Diagnos t ic  Laboratory. C e l l  c u l t u r e s  w i t h  v i r a l  cy topa th i c  e f f e c t  
were examined by s p e c i f i c  f l uo rescen t  ant ibody o r  i d e n t i f i e d  by morphology us ing  
e l e c t r o n  microscopy. 
Serology. Blood samples were obta ined  be fo re  v a c c i n a t i o n  on t h e  ranch, on 
a r r i v a l  a t  t h e  f e e d l o t  and 4 weeks l a t e r .  The second yea r ,  blood could not  be  
taken  4 weeks a f t e r  t h e  ca lves  a r r i v e d  a t  t h e  f e e d l o t  because of t h e  low ambient 
temperature,  bu t  samples were taken 6 months l a t e r .  The serum was t e s t e d  by 
s t anda rd  v i r u s  n e u t r a l i z a t i o n  t e s t s .  Twofold d i l u t i o n s  of serum were r eac t ed  
w i t h  100 t i s s u e  c u l t u r e  i n f e c t i v e  doses of IBR, BVD, PI3 and RSV, r e spec t ive ly .  
Resu l t s  a r e  expressed as t h e  r e c i p r o c a l  of t h e  h ighes t  d i l u t i o n  of serum t h a t  
i n h i b i t e d  v i r a l  r e p l i c a t i o n .  
Resu l t s  and Discussion 
Virology. The f i r s t  y e a r  of t h e  s tudy ,  PI3 v i r u s  was i s o l a t e d  b e f o r e  
v a c c i n a t i o n  from f i v e  ca lves  on one of t h e  f o u r  ranches ( t a b l e  1 ) .  Two weeks 
a f t e r  v a c c i n a t i o n  w i t h  t h e  i n t r a n a s a l  vaccine,  I B R  and PI3 v i r u s e s  could s t i l l  be 
i s o l a t e d  from both  vacc ina ted  (32%) and c o n t r o l  (28%) ca lves .  On t h e i r  a r r i v a l  
a t  t h e  f e e d l o t ,  I B R  was i s o l a t e d  from two c o n t r o l  ca lves  and f o u r  e n t e r o v i r u s e s  
were i s o l a t e d  from two PC and two CO ca lves .  
The second yea r  ( t a b l e  21, a pox v i r u s  was i s o l a t e d  from one c a l f  and an 
e n t e r o v i r u s  from another  be fo re  they  w e r e  vacc ina ted  on t h e  ranch. IBR and PI3 
were i s o l a t e d  2 weeks l a t e r  bu t  only from t h e  ca lves  t h a t  had been vacc ina t ed  
wi th  t h e  i n t r a n a s a l  vaccine.  No V ~ N S  was i s o l a t e d  from t h e  ca lves  t h a t  had been 
vacc ina ted  wi th  t h e  in t ramuscular  vaccine.  However, when t h e  ca lves  a r r i v e d  a t  
t h e  f e e d l o t ,  PI3 was i s o l a t e d  from 20 ca lves  (20%) t h a t  had been vacc ina ted  wi th  
t h e  in t ramuscular  vacc ine  and from 10  (10%) of t h e  c o n t r o l  ca lves ,  sugges t ing  
t h a t  t h e  vacc ine  d id  not  p r o t e c t  a g a i n s t  i n f e c t i o n  w i t h  t h i s  v i r u s .  I n  c o n t r a s t ,  
i n  t h e  o t h e r  two groups of ca lves  (A and B ) .  few w e r e  shedding PI3 v i r u s ,  b u t  
t h r e e  o t h e r  v i r u s e s  were present .  Besides t h e  I B R  and PI3. en t e rov i ruses  and 
r e s p i r a t o r y  s y n c y t i a l  v i r u s  were a l s o  de tec ted .  Most of t h e  v i r u s e s  were 
i s o l a t e d  from t h e  c o n t r o l  group of ca lves  (21%. t a b l e  2) .  
The d i f f e r e n c e  i n  t h e  v i r u s  i s o l a t i o n s  on a r r i v a l  a t  t h e  f e e d l o t  from 6/200 
t h e  f i r s t  y e a r  t o  56/200 i n  t h e  second y e a r  may have been inf luenced  p a r t i a l l y  by 
t h e  change from t h e  i n t r a n a s a l  vaccine,  s i n c e  30 of t h e  i s o l a t i o n s  were from 
herds  us ing  t h e  in t ramuscular  vacc ine  but  a l s o  may have been inf luenced  by t h e  
ear.ly onse t  and more seve re  w i n t e r  weather  t h a t  occurred i n  t h e  second year .  
Three of t h e  ca lves  swabbed 5 days a f t e r  a r r i v a l  w e r e  CO ca lves ,  t h e  
remainder w e r e  precondit ioned.  IBRwas i s o l a t e d  from two CO ca lves  and RSV from 
one CO c a l f .  The two PC ca lves  were negat ive  f o r  v i r u s  i s o l a t i o n .  
Serology. I n  t h e  f i r s t  yea r ,  p r w a c c i n a t i o n  ant ibody was p re sen t  t o  PI3 and 
BVD -1. me rise i n  ant ibody on ranches C and D suggested a r e c e n t  
i n f e c t i o n  w i t h  PI3. The rise i n  antibody t o  RSV i n  t h e  ca lves  from a r r i v a l  t o  4 
weeks l a t e r  i n d i c a t e s  exposure t o  t h i s  v i r u s  during t r a n s i t  o r  i n  t h e  f e e d l o t .  
I n  c o n t r a s t  t o  t h e  f i r s t  year ,  p r w a c c i n a t i o n  ant ibody t o  P13, BVD and RsV 
w a s  p re sen t  i n  t h e  c a l v e s  t h e  second y e a r  ( t a b l e  4) .  Considerable  ant ibody was 
p re sen t  t o  BVD from ranches C and D,  sugges t ing  exposure t o  t h i s  v i r u s  w h i l e  on 
t h e  ranch. One of t hese  ranches had a previous BVD problem and a change i n  t h e  
herd h e a l t h  program t h a t  included vacc ina t ion  of  dams. An ant ibody response t o  
t h e  vacc ines  administered on t h e  ranch was de t ec t ed  during t h e  second y e a r  of t h e  
s tudy,  w i t h  t h e  except ion  of PI3 i n  t h e  Resbo-3 vacc ina ted  group. The poor 
response t o  t h e  PI3 component of t h i s  vacc ine  a s  w e l l  a s  t h e  I M  r o u t e  of 
i n o c u l a t i o n  may account f o r  t h e  frequency of v i r u s  i s o l a t i o n  from t h e s e  c a l v e s  on 
a r r i v a l  a t  t h e  f e e d l o t .  The h igh  l e v e l s  of antibody t o  RSV and PI3 p re sen t  i n  
t h e  serum samples taken i n  May suggest  t h a t  bo th  RSV and PI3 were a c t i v e  i n  t h e  
ca lves  w h i l e  i n  t h e  f e e d l o t .  Levels  of ant ibody t o  t h e s e  v i r u s e s  were h ighe r  i n  
t h e  c a l v e s  f tom ranches C and D ( f i g u r e  I )  . 
Mor ta l i t y  was l m  both yea r s ;  one c a l f  was l o s t  i n  t h e  f i r s t  y e a r  and f o u r  
ca lves  t h e  second year .  Only two of t h e  death l o s s e s  i n  t h e  second y e a r  could b e  
a t t r i b u t e d  t o  an i n f e c t i o u s  agent.  Haemophilus somnus was incr imina ted  bu t  no t  
i s o l a t e d  i n  both  of t hese  cases .  I s o l a t i o n ,  however, i s  not  always p o s s i b l e  i n  
animals  t r e a t e d  w i t h  a n t i b i o t i c s .  
There i s  l i t t l e  evidence of BVD a c t i v i t y  i n  t h e  f e e d l o t  e i t h e r  year .  
Although I B R  was i s o l a t e d  from ca lves  wh i l e  they were i n  t h e  f e e d l o t ,  ant ibody 
l e v e l s  t o  I B R  were r e l a t i v e l y  low, suggest ing t h e  ca lves  were not  exposed t o  a  
f i e l d  s t r a i n  o r  t h a t  the  vaccine p rwen ted  in fec t ion .  It i s  poss ib le  t h a t  t h e  
I B R  v i r u s  c i r c u l a t i n g  i n  t h e  f e e d l o t  was the  a t t enua ted  s t r a i n  from t h e  vaccine  
and no t  a  f i e l d  s t r a i n .  
Of t h e  t h r e e  important r e s p i r a t o r y  v i r u s e s  IBR. BVD and PI3, only  PI^ 
appeared t o  be a c t i v e  i n  the  f e e d l o t  and t h e  vaccine d id  no t  appear t o  prevent  
i n f e c t i o n  wi th  t h i s  v i rus .  
The l a c k  of s i g n i f i c a n t  d i f f e rences  between t h e  h e a l t h  scores  of t h e  PC and 
CO ca lves1  may have been influenced by the  presence of o the r  agents,  i . e . ,  bovine 
r e s p i r a t o r y  s y n c y t i a l  v i r u s  and enterovi ruses .  
TABLE 1. VIRUS ISOLATIONS FROM NASAL SWABS--FIRST YEAR 
Ranch A + B Ranch C + D 
Item V i r u s  PC CO PC CO 
P r w a c c i n a t i o n  
(0 weeks ) P13 
Weaning 
(2  weeks) 
Feedlot  I B  R - f - 1 
(6 weeks Enterovi rus  2 2 - - 
TABLE 2. VIRUS ISOLATIONS FROM NASAL SWABS--SECOND YEAR 
Ranch A + Ba Ranch C +- ~b 
Item Virus PC CO PC CO 
Prevaccinat ion Pox 
(0  weeks) Enterovi rus  
Weaning P13 
( 2 weeks ) I B  R 
Feedlot  
(6 weeks 1 
PI3 
I B  R 
Enterovi rus  
RSV 
a  Vaccinated wi th  Nasalgen IBR/P13, BVD intramuscular  vaccine. 
Vaccinated wi th  Resbo-3 IBR/BVD/P13 vaccine, 
ISwann, J. K. and R. H. P r i t cha rd ,  1985, 1986. Ef fec t  of precondit ioning 
on performance and h e a l t h  of feeder  s t e e r s .  S.D. Agr. Exp. Sta. CATTLE 85-4:22 
and CATTL,E 86-14:66. 
TABLE 3 .  GEOMETRIC MEAN ANTIBODY TITERS TO BOVINE RESPIRATORY 
VIRUSES I N  200 FEEDLOT CALVES--FIRST YEAR 
Precondi t ioned  Con t ro l s  
Ranch Arr ived  Ranch Arr ived  
Prevacc Feed lo t  Prevacc Feed lo t  
Sept Nov Dec Sept Nov Dec 
I t em 0  weeks 6  weeks 1 0  weeks 0  weeks 6  weeks 1 0  weeks 
Ranches A and B 
IB R - 7 + 2  1 + 2  - - . 8  + 2  
BVD 7 + 3  1 4  T 3  7 T 4  13  + 2  4 + 2  2  1; 2  
P13 1 8 T 2  - 3 3 y 1  - 2 4  T 2  2 4 T 2  - 2 5 T 1  - 38  7 2  
RSV - - 23 5 2  - - 
- 9 7 1  - 
Ranches C and D 
I B R  - 4 + 2  4 + 2  - - 2 + 2  
BVD 5 + 4  1 3 5 3  1 8  5: 4  6 + 3  2 + 3  7 5 3  
P13 9  - T 3 5 4 5 2  - 7 7 5 2  7 5 3  - 5 2 z 2  6 0 5 1  
RSV - - 1 4  2  - - 
- 11 - 5 1 
TABLE 4. GEOMETRIC MEAN ANTIBODY TITERS TO BOVINE RESPIRATORY 
VIRUSES I N  200 FEEDLOT CALVES--SECOND YEAR 
Precondi t ioned  Con t ro l s  
Ranch Arr ived  Ranch Arr ived  
Prevacc Feed lo t  Prevacc Feed lo t  
Oct Nov May Oct Nov May 
Item 0  weeks 6  weeks 32 weeks 0  weeks 6  weeks 32 weeks 
Ranches A and Ba 
IBR - 7 + 2  2  + 4  - - 4 + 3  
BVD 1 1 + 4  1 7 T 4  5 5 6  1 2  + 3  4 + 4  6 5 5  
Ranches C and ~b 
IBR - 5 + 2  5 + 2  - - 4  + 2  
BVD 4 9 + 6  9 0 5 3  5 9 + 3  5 9 + 3  6 4 + 5  73 T 3  
PI3 2 3 T 2  1 8 5 3  9 3 5 2  2 0 T 3  2 4 z 4  1 0 6 5 2  
RSV 17 7 - 2  6 7 2  - 1 1 7 7 2  - 2 1 5 2  - 7 + 2  - 1 1 4  7 - 2  
a Vacc ina ted  w i t h  Nasalgen IBR/PI3, BVD in t r amuscu l a r  vacc ine .  
b Vacc ina ted  w i t h  Resbo-3 IBR/BVD/PI3 vacc ine .  
IBR ......... 
P I 3  -
BVD m m - m -  
BRSV,, 
Figure LA: Serum n e u t r a l i z i n g  an t ibod ies '  t c  r e s p i r a t o r y  
v i ruses  i n  precondi t ioned and con t ro l  c a l v e s ,  
second year .  Ranches A and B .  
Figure 1 B  : Serum neut ra l i z ing  ant ibodies  to  r e sp i r a to ry  
v i ruses  i n  preconditioned and control  calves,  
second year .  Ranches C and D.  
SOUTH DBKOTA (=IJS!I'OH FEED= PROGRAM 
J. J. Wagner 
Department of Animal and Range Sciences 
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Seventy-f i v e  precondit ioned s t e e r  ca lves  r ep re sen t ing  14  d i f t e r e n t  owners 
and a v a r i e t y  of breeds were placed on feed  a t  Longacre Farms. Wentworth. 
South Dakota. i n  l a t e  November and e a r l y  December. Average days on feed  f o r  t h e  
15 groups of f i v e  head w a s  191 ( range  181-2071. Average d a i l y  ga in  was 2.6 l b  
head p e r  day ( range  2.26-2.83). Feed e f f i c i e n c y  was 8.2 l b  dry  ma t t e r  p e r  pound 
of gain. Feed c o s t  averaged $35.53 pe r  cwt. ga in  and nonfeed c o s t  averaged 
$11.84 p e r  cwt. gain.  Average c o s t  of ga in  excluding i n t e r e s t  w a s  $47.37 pe r  
cwt. ( range  43.16-53.741. Average l o s s  was $85.00 pe r  head ( range  
$45.99-140.61). Cost of ga in  a t  t h i s  e a s t e r n  South Dakota f e e d l o t  was 
compet i t ive  w i t h  nea r ly  any f e e d l o t  i n  t h e  country.  
(Key Words: Retained Ownership. Custom Feeding. Feedlot  Performance.) 
In t roduct ion  
Many f e e d l o t s  i n  t h e  t r a d i t i o n a l l y  heavy c a t t l e  feeding  a r e a s  of 
South Dakota s t and  empty wh i l e  low commodity p r i c e s  a r e  c i t e d  a s  t h e  major reason 
f o r  economic problems on farms and ranches. Retained ownership and custom 
feeding  a r e  be ing  promoted as v i a b l e  means of i nc reas ing  farm and ranch r e tu rns .  
Ranchers may i n c r e a s e  t h e  va lue  of t h e i r  ca lves  by r e t a i n i n g  ownership on p a r t  o r  
a l l  of t h e i r  c a l f  crop through t h e  growing and(or1 f i n i s h i n g  phases of beef 
product ion.  By feeding  c a t t l e ,  farmers may i n c r e a s e  t h e  va lue  of t h e i r  g r a i n  by 
marketing it through c a t t l e .  
T r a d i t i o n a l l y .  t h e  cow-calf and c a t t l e  feeding  segments of t h e  beef i n d u s t r y  
have e x i s t e d  as s e p a r a t e  e n t i t i e s .  Cow-calf producers a r e  r e l u c t a n t  t o  d e l i v e r  
ca lves  t o  a f e e d l o t  wi thout  an e s t a b l i s h e d  record.  They a r e  unwi l l ing  t o  assume 
t h e  r i s k  of a feeding  arrangement they may no t  understand o r  t h a t  may n o t  
guarantee  some l e v e l  of r e tu rn .  South Dakota ranchers  t h a t  do r e t a i n  ownership 
of t h e i r  c a t t l e  gene ra l ly  send them t o  Nebraska. Kansas. Texas o r  Oklahoma 
panhandle f e e d l o t s .  Eas te rn  South Dakota farmer-feeders do not  have c o n s i s t e n t  
performance records  al lowing a rancher  t o  shop f o r  a f e e d l o t  on a performance 
b a s i s .  
The o b j e c t i v e s  of t h i s  program were t o  (1)  eva lua t e  r e t a i n e d  ownership and 
custom feeding  a s  a v i a b l e  means f o r  improving farm and ranch income. (2 )  
gene ra t e  economic and performance information from custom feeding  i n  an e a s t e r n  
South Dakota farmer f eed lo t .  (3)  enable  wes tern  South Dakota ranchers  un fami l i a r  
w i t h  custom feed ing  t o  ga in  exper ience  concerning c a t t l e  feeding  and (4)  i n c r e a s e  
t h e  number of c a t t l e  f e d  i n  South Dakota. 
Program Procedures 
Ranchers consigned groups of f i v e  precondit ioned s t e e r  ca lves .  The 
precondi t ioning  program followed t h e  South Dakota Beef C a t t l e  Improvement 
Associa t ion ' s  "Green Tagn program. C a t t l e  were a l s o  vacc ina ted  f o r  Haemophilus 
somnus p r i o r  t o  leaving  t h e  ranch. Seventy-five c a t t l e  r ep resen t ing  1 4  ranches 
and a v a r i e t y  of breeds were consigned t o  t h e  program. 
C a t t l e  were fed  a t  Longacre Farms n e a r  Wentworth i n  e a s t  c e n t r a l  
South Dakota. The f e e d l o t  had t r a d i t i o n a l l y  been a farmer-operated l o t  t h a t  
owned a l l  of t he  c a t t l e  they fed. To ta l  l o t  capac i ty  was approximately 
1250 head. Pens contained concre te  feeding aprons, adequate drainage and were 
pro tec ted ,  from the  wind by s h e l t e r  b e l t s  on t h e  west,  no r th  and e a s t  s ides .  A l l  
f e e d s t u f f s  except  p r o t e i n  supplement were grown on t h i s  farm. 
Ranchers were charged $.25 p e r  head p e r  day f o r  yardage p l u s  $.50 p e r  head 
chute charge, $2.50 p e r  head pe r  day h o s p i t a l  charge and a l l  v e t e r i n a r y  and 
medication expenses. Feed was b i l l e d  on a p e r  cwt. b a s i s  w i th  no r a t i o n  
mark-up. Ind iv idua l  s t e e r  i n t a k e  es t imates  needed t o  c a l c u l a t e  feed b i l l s  were 
computed us ing  National  Research Council (1984) energy requirement computations. 
Table 1 o u t l i n e s  t h e  c a l c u l a t i o n s  used t o  determine ind iv idua l  feed in take .  
Heavier, f a s t e r  ga in ing  c a t t l e  were assumed t o  have consumed more feed. 
A $500 depos i t  was requi red  f o r  each group of f i v e  c a t t l e  upon a r r i v a l  a t  
t h e  f eed lo t .  The depos i t  allowed the  books t o  be run on a cash bas i s .  The 
f e e d l o t  submit ted a monthly b i l l  f o r  yardage, s e r v i c e s  and feed. The f e e d l o t  was 
pa id  from t h e  depos i t  fund and each rancher  was b i l l e d  f o r  h i s  sha re  of t h e  
t o t a l .  
Ranchers assembled c a t t l e  f o r  shipment a t  I s abe l ,  South Dakota, on 
November 21 and Murdo, South Dakota, December 10. A t  the  assembly p o i n t s ,  c a t t l e  
were weighed, ear tagged and brand inspected.  Or ig ina l ly ,  a l l  c a t t l e  were t o  
a r r i v e  a t  t h e  f e e d l o t  w i t h i n  1 week beginning November 21. However, b l i z z a r d  
cond i t ions  delayed t h e  assembly and shipment of t h e  Murdo c a t t l e  u n t i l  
December 10. Twenty-five c a t t l e  a r r i v e d  a t  t h e  f e e d l o t  November 21, f i v e  c a t t l e  
a r r i v e d  November 27 and 40 c a t t l e  a r r i v e d  December 11, 1985. 
Upon a r r i v a l  a t  t he  l o t ,  c a t t l e  were allowed access  t o  p r a i r i e  hay and corn 
s i l a g e  and r e s t e d  overnight .  The fol lowing day they were i n d i v i d u a l l y  weighed, 
implanted w i t h  ~ o m ~ u d o s e l  and placed on t h e  growing r a t i o n  ( t a b l e  21. 
January 11. 1986, t h e  c a t t l e  were switched t o  t h e  win te r  f i n i s h i n g  r a t ion .  On 
May 7 ,  they were switched t o  t h e  f i n a l  f i n i s h i n g  r a t ion .  ~umens in l  was included 
i n  a l l  d i e t s .  
C a t t l e  were weighed a t  approximately 28-day i n t e r v a l s  throughout the  feeding 
period.  Ranchers were provided monthly performance updates.  C a t t l e  were s o l d  
" in  t h e  beef" when t h r e e  of t h e  f i v e  head reached an a n t i c i p a t e d  l o w  choice  
grade. Ranchers were s e n t  ca rcas s  d a t a  and f e e d l o t  close-out information a t  the  
end of t h e  t r i a l .  Proceeds from t h e  sale of c a t t l e  were d i s t r i b u t e d  t o  ranchers  
once a rancher ' s  account was s e t t l e d .  
l p roduc t s  of Elanco Products Company. 
Resu l t s  and Discussion 
T h i r t y  c a t t l e  con t r ac t ed  sh ipping  f eve r  i n  l a t e  November. C a t t l e  were 
t r e a t e d  w i t h  25 c c  LA-200 and Terramycin crumbles were added t o  t h e  growing 
r a t ion .  One c a l f  b loa t ed  e a r l y  i n  t h e  growing phase. A t r o c a r  was used t o  
r e l i e v e  ruminal pressure .  A f t e r  2  weeks of pe r iod ic  b l o a t i n g ,  t h e  cond i t i on  
diminished. No a d d i t i o n a l  h e a l t h  problems were observed. 
Table 3  shows t h e  o r i g i n  weights ,  f e e d l o t  i n  weights  and s h r i n k  of t h e  
c a t t l e .  C a t t l e  averaged 574 l b  a t  t h e i r  p l ace  of o r i g i n  and 557 l b  when placed 
on feed. Average s h r i n k  f o r  t h e  c a t t l e  was 2.96%. 
Feedlot  performance i s  d isp layed  i n  t a b l e  4. C a t t l e  were on feed  an average 
of 191 days. They were s laughtered  a t  1056 l b .  Average d a i l y  g a i n  was 2.60 l b .  
Feed conversion was 8.2 l b  of r a t i o n  dry  ma t t e r  per  pound of gain.  
Carcass d a t a  a r e  presented  i n  t a b l e  5.  C a t t l e  were s o l d  " in  t h e  beef"  when 
t h r e e  of f i v e  head reached an a n t i c i p a t e d  low choice  grade. Average q u a l i t y  
grade of a l l  c a t t l e  was h igh  good. Average f a t  t h i ckness  over  t h e  1 2 t h  r i b  was 
. 4  inch. 
Average c o s t  of ga in  ( f e e d l o t  i n  weight t o  s l a u g h t e r  weight)  was $47.37 pe r  
cwt. ( t a b l e  61, excluding i n t e r e s t ,  and ranged from $43.74 t o  $53.74 pe r  cwt. 
ga in .  Feed c o s t  was based on corn  (86% DM) $2.35 per  bushel ;  corn  s i l a g e  $22.00 
pe r  t o n  and p r a i r i e  hay $40.00 pe r  ton,  Feed c o s t  averaged $35.53 pe r  cwt. of 
gain.  I f  t h e  rancher  owned t h e  c a t t l e  bu t  had t o  borrow a l l  of t h e  feeding  c o s t s  
a t  13% i n t e r e s t ,  t h e  t o t a l  i n t e r e s t  charges would Rave been $3.22 per  cwt. of 
gain.  The es t imated  t o t a l  c o s t  of ga in  would have been $50.59 pe r  cwt. 
Break-even r e l a t i o n s h i p s ,  es t imated  l o s s e s  and t h e  assumptions made t o  
a r r i v e  a t  t h e  break-evens a r e  summarized i n  t a b l e  7. C a t t l e  were s o l d  " i n  t h e  
beef"  f o r  an average of $82.61 pe r  cwt. of ca rcas s .  C a t t l e  l o s t  an  average of 
$85 .OO p e r  head, assuming an average va lue  of $68.00 pe r  cwt. f o r  t h e  ca lves .  
Losses ranged from $45.99 t o  $140.61 per  head. Break-even s a l e  p r i c e  averaged 
$59.34 p e r  mt, l i v e .  Break-even purchase p r i c e  of t h e  ca lves  w a s  $53.23 p e r  
cwt. 
Cost of g a i n  r epo r t ed  i n  t h i s  s tudy ($47.37/cwt) i s  compet i t ive  w i t h  n e a r l y  
any f e e d l o t  i n  t h e  country. Average l o s s  of $85.00 p e r  head p o i n t  out t h e  
importance of u s ing  some form of marketing p r i c e  p ro t ec t ion .  Locking i n  a  p r i c e  
of $59.34 p e r  cwt. ( range $56.82-$61.86) would have allowed t h e  ranchers  t o  
break even on t h e  c a t t l e .  Locking i n  a  p r i c e  of $62.00 pe r  cwt .  would have 
in su red  a  prof  it f o r  a l l  p a r t i c i p a n t s  i n  t h e  s tudy.  
TABLE 1. CALCULATIONS ESTIMATING FEED INTAKE 
mg = (-0132 ADG + .00078 A D G ~ )  w.75 
(1)  Calcula te  t h e  requi red  NEm and NEg f o r  t h e  average of each group of f i v e  
c a t t l e .  
(2)  Calcula te  t h e  requi red  NEm and NEg f o r  t h e  average of t h e  e n t i r e  pen. 
(3) Calcula te  t h e  requi red  dry ma t t e r  t o  achieve requi red  l e v e l  of NE, and NEg 
f o r  t h e  average of each group of f i v e  and f o r  t h e  e n t i r e  pen. 
DMI = NEm requi red  9 NE, requi red  
Die t  NEm content  ~ i e t - N E ~  content  
(4) Calcula te  t h e  est imated dry mat te r  i n t a k e  of t h e  average of each group of 
f i v e  c a t t l e .  
Es t imated  i n t a k e  = D M 1  (group of 5 )  x Actual average dry  ma t t e r  
D M 1  (pen) in t ake  
NEm = Net energy f o r  maintenance. 
NEg = Net energy f o r  gain. 
W = Live weight ,  l b .  
D M 1  = Dry ma t t e r  in take .  
(Owens e t  a l . .  1984). 
TABLE 2. DIETS FED TO CATTLE 
Percent drv ma t t e r  
Ration 
Winter F i n a l  
Ing red ien t  Growing f i n i s h i n g  f i n i s h i n g  
High moisture corn 52.5 75.0 85.6 
Corn s i l a g e  40.0 20.0 10.0 
a Purina M i l l s  Spec ia l  Feedlot  40 during the  growing program and Purina M i l l s  
Feedlot  40 during the  f i n i s h i n g  program. 
TABLE 3 .  STARTING DATA 
Origin Feedlot Shrinkas 
Group w t .  l b  i n  w t .  l b  % 
a 1 - In weight 
Origin weight 
TABLE 4 .  FEEDLOT PERFORMANCE DATA 
Feedlot out Days on 
Group w t .  l b  feed ADG 
TABLE 5. CARCASS DATA 
F a t  Hot 
t h i c k n e s s  . Percen t  Yie ld  c a r c a s s  
Group i n  cho ice  g rade  w t .  l b  
TABLE 6 .  COST OF G A I N  DATA 
Cost of ga in .  $/cwt 
Group T o t a l  Feed Nonfeed 
TABLE 7 .  BREAK-EVEN DATA 
Estimated Selling B reak-even 
calf price, purchase sale 
price. $ / w t  value price. LOSS . 
Group $/cwt carcass $/cwt $/cwt $/head 
a Corresponds to a l i v e  price of $51.22/swt. 
PROFITABILITY OF FEEDIM: CULL W S  
Richard Shane and Wayne E l l ingson  
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The seasonal  p r i c e  p a t t e r n  exh ib i t ed  i n  t h e  South Dakota c u l l  cow market i s  
one of low p r i c e s  i n  the  f a l l  when most c u l l i n g  i s  done w i t h  inc reas ing  p r i c e s  
w e l l  i n t o  t h e  fol lowing year .  This  p a t t e r n  suppor ts  t he  a s s e r t i o n  t h a t  c a t t l e  
producers may improve p r o f i t a b i l i t y  of t h e i r  ope ra t ions  by feeding  c u l l  cows f o r  
s e v e r a l  months r a t h e r  than s e l l i n g  immediately a t  c u l l i n g  time. A dynamic 
programming model was used t o  determine t h e  optimal s t r a t e g y  f o r  marketing c u l l  
cows i n  South Dakota. The model sys t ema t i ca l ly  eva lua ted  t h e  s e l l  now ve r sus  t h e  
hold and main ta in  o r  feed  f o r  ga in  s t r a t e g i e s  of t h e  producer. 
Resul t s  of t he  r e sea rch  suppor t  the  hypothesis  t h a t  c u l l  cows should be  
r e t a ined  and fed  under c e r t a i n  circumstances. I f  cow weight was l i g h t  and p r i c e  
was low a t  c u l l i n g  time, t h e  optimal s t r a t e g y  was t o  feed. I f  cow weight was 
heavy and p r i c e  was low, t h e  optimal s t r a t e g y  was t o  feed f o r  maintenance and 
t ake  advantage of expected p r i c e  increases .  The optimal dec i s ion  concerning 
l e n g t h  of time i n  the  f e e d l o t  was t o  feed from November ( c u l l i n g  time) through 
Apr i l  f o r  most price-weight combinations. However, p o t e n t i a l  added p r o f i t s  above 
s e l l i n g  i n  March were near  ze ro  and feeding beyond 120 t o  150 days was not  
p r a c t i c a l .  The optimal r a t e  of ga in  f o r  most dec i s ions  t o  feed was 1.65 l b  p e r  
day. 
(Key Words: Cow, Cull ,  P r i ce ,  Feed, Gain.) 
In t roduc t ion  
A l a r g e  number of beef cows a r e  c u l l e d  from South Dakota herds every year .  
Producers a r e  encouraged t o  pregnancy check cows a f t e r  ca lves  a r e  weaned and t o  
market open and low-producing cows. Many of t h e s e  cows have been graz ing  ranges 
t h a t  due t o  t y p i c a l  seasonal  v a r i a t i o n  have reduced quan t i ty  and q u a l i t y  of 
forage. Consequently, cows tend t o  l eave  the  range i n  t h i n  condi t ion .  Healthy, 
t h i n  cows tend t o  ga in  weight f a s t e r  than normal due t o  compensatory ga in  
a s soc ia t ed  w i t h  previous periods of undernut r i t ion .  
Even though cows could ga in  e f f i c i e n t l y ,  it takes time t o  ga in  weight.  
Because of t h i s  time element, p r i c e  l e v e l s  and p o t e n t i a l  p r i c e  changes must be  
incorpora ted  i n t o  t h e  dec i s ion  t o  feed o r  no t  t o  feed c u l l  cows. By inspec t ion ,  
i t  appears  t h a t  cow p r i c e s  a r e  a t  t h e i r  seasonal  lows i n  the  f a l l  of t h e  y e a r  
when c u l l i n g  and marketing have t r a d i t i o n a l l y  taken place.  Seasonal high cow 
p r i c e s  tend t o  occur i n  t h e  sp r ing  of t h e  y e a r  before  cows t h a t  d i d n ' t  w i n t e r  
w e l l  and/or  l o s t  t h e i r  ca lves  have been marketed. The index of c u l l  cow p r i c e s  
graphed and shown i n  f i g u r e  1 r i s e s  q u i t e l y  s t e e p l y  from t h e  f a l l  s e l l i n g  period 
of October t o  December i n t o  t h e  w i n t e r  and sp r ing  months. The index peaks i n  May 
and then  s e t t l e s  downward throughout the  summer. This  i n d i c a t e s  what happens on 
t h e  average and s t rong ly  sugges ts  t h a t  producers should e v a l u a t e  t h e  opt ion  of 
c u l l  cow feed ing  every f a l l  when c u l l i n g  i s  done. 
' S l augh te r  cow p r i c e s  no t  only vary  wi th  t ime bu t  a l s o  w i t h  q u a l i t y .  Cows 
s e l l  a s  canner ,  c u t t e r s ,  u t i l i t y  and commercial. The b e s t  p r i c e s  a r e  normally 
a t t a i n e d  a t  t h e  u t i l i t y  grade. Since many cows come o f f  p a s t u r e  i n  poor 
condi t ion ,  they may s e l l  a s  canners  o r  c u t t e r s  a t  s u b s t a n t i a l  p r i c e  d iscounts  t o  
u t i l i t y  grade. A cow i n  t h i n  cond i t i on  coming o f f  t h e  range g a i n s  weight q u i t e  
r ap id ly  as r ea l imen ta t ion  t a k e s  p l ace  ca r ry ing  a  cow from lower grades t o  h ighe r  
grades.  
The , p o t e n t i a l  t o  i n c r e a s e  t h e  p r o f i t a b i l i t y  of t h e  e n t i r e  cow-calf bus ines s  
through c u l l  cow feeding  i s  uncer ta in .  However, it appears t o  be an a t t r a c t i v e  
a l t e r n a t i v e  t o  eva lua t e  f o r  a l l  cow-calf producers and e s p e c i a l l y  i n t e r e s t i n g  t o  
t h e  producer  who has feeding  f a c i l i t i e s  and access  t o  abundant feed  supp l i e s .  
The major o b j e c t i v e  of t h i s  r e sea rch  was t o  determine t h e  p r o f i t a b i l i t y  of 
feeding  c u l l  cows. 
Experimental Procedure 
The d e c i s i o n  eva lua t ion  process  used i n  t h i s  r e sea rch  i s  analogous t o  
e n t e r p r i s e  budgeting. I n  t h e  e n t e r p r i s e  budget a  p r i c e  and r a t e  of ga in  a r e  
assumed s o  t h a t  income can be  ca l cu la t ed .  Then, by assuming given p r i c e s  f o r  
feed,  a  l e a s t  c o s t  r a t i o n  can be  ca l cu la t ed .  F i n a l l y ,  o t h e r  c o s t s  of product ion 
a r e  c a l c u l a t e d  and along w i t h  feed  c o s t s  sub t r ac t ed  from income t o  d e r i v e  
expected p r o f i t .  It would t a k e  many hours of c a l c u l a t i o n  t o  do an e n t e r p r i s e  
budget f o r  every p o s s i b l e  combination of p r i c e  and r a t e  of ga in  by hand. The 
model simply i s  a . t o o l  t o  speed t h i s  process  t o  a  few minutes once t h e  model i s  
working. 
A dynamic programming model was used t o  determine t h e  opt imal  dec i s ion  o r  
s t r a t e g y  f o r  c u l l  cow feeding.  This  model a l lows  t h e  use  of a  p r o b a b i l i t y  
d i s t r i b u t i o n  func t ion  f o r  p r i c e  r a t h e r  than  using p r i c e  a s  a  predetermined 
v a r i a b l e  a s  i n  most l i n e a r  programming models. The dynamic programming model 
uses  s t a g e s  and s t a t e s .  The s t a g e s  o r  t imes when a  dec i s ion  must b e  made were 
months i n  t h i s  model. A t  t h e  beginning of each month t h e  d e c i s i o n  t o  s e l l  o r  
feed c u l l  cows was made. 
S t a t e s  a r e  t h e  c u r r e n t  cond i t i ons  and expected cond i t i ons  t h a t  a r e  p re sen t  
dur ing  a  d e c i s i o n  s tage .  A s t a t e  i n  t h i s  model e x i s t s  when a  weight and p r i c e  of 
a  cow is  known and a  l e a s t  c o s t  r a t i o n ,  weather  cond i t i ons  and sunk c o s t s  of 
product ion  a r e  he ld  cons tan t .  I n  t h i s  model, p r i c e  v a r i e d  according t o  t h e  
p r o a b i l i t y  d i s t r i b u t i o n  func t ion  and s e v e r a l  weight ga in  r a t e s  were allowed. The 
expected p r i c e  i n  t h e  d e c i s i o n  s t a g e  was a  f u n c t i o n  of t h e  c u r r e n t  p r i c e  and t h e  
expected weight was a  func t ion  of cu r r en t  weight.  The model t hen  i n d i c a t e s  t h e  
opt imal  (most p r o f i t a b l e )  d e c i s i o n  by comparing t h e  s e l l  now d e c i s i o n  w i t h  g iven  
p r i c e  and weight w i t h  an i n f i n i t e  number of p o s s i b l e  outcome combinations f o r  t h e  
end of t h e  s t age .  The l a r g e  number of combinations eva lua ted  a r i s e  because 
s e v e r a l  r a t e s  of ga in  a r e  incorpora ted  w i t h i n  an  a r r a y  of expected o r  p o t e n t i a l  
p r i c e  outcomes. The program reduces t h e  number of outcomes eva lua ted  by 
s e l e c t i n g  a  most probable p r i c e .  
I n  t h i s  r e s ea r ch ,  s t a g e s  were  c a l c u l a t e d  f o r  1 y e a r  assuming t h a t  cows 
c u l l e d  1 y e a r  would b e  s o l d  b e f o r e  t h e  nex t  c u l l i n g  season. L e a s t  c o s t  r a t i o n s  
were de r i ved  f o r  cow beg inn ing  we igh t s  ranging from 770 t o  1320 l b .  South Dakota 
f e ed  p r i c e s  i n  t h e  f a l l  of 1985 were  used i n  l e a s t  c o s t  r a t i o n i n g .  
R e s u l t s  and D i scus s ion  
The d e c i s i o n  outcomes of t h e  model were  l i m i t e d  i n  t h e  p r i n t o u t  p rocess .  
H o w e ~ e r ~ i n t e r p o l a t i o n  between outcomes p r e sen t ed  i s  a p p r o p r i a t e .  The model 
ou tpu t  p r e sen t ed  i n  t a b l e s  1 and 2  has  t h e  fo l l owing  code: 
1. S e l l  cows 
2. Main ta in  cow weight  
3 .  Feed. .55 l b  p e r  day 
4. Feed. 1.10 l b  p e r  day 
5 .  Feed. 1.65 l b  p e r  day 
6 .  Feed, 2.20 l b  p e r  day 
7. Feed, 2.75 l b  p e r  day 
I n  t a b l e  1, p o t e n t i a l  d i scounted  p r o f i t  i n  d o l l a r s  p e r  head i s  p r e sen t ed  
a long  w i t h  t h e  op t imal  f e ed ing  d e c i s i o n s  t o  b e  made a t  t h e  beg inn ing  of s t a g e  one 
(November). The op t imal  d e c i s i o n  i s  t o  f e ed  when you beg in  t h e  month w i t h  a  
770-lb cow and a p r i c e  o f  $300 p e r  hundredweight.  The f i v e  (5 )  code f o r  t h i s  
s t a t e  i n d i c a t e s  t h a t  t h e  b e s t  rate of  g a i n  under  t h e s e  c o n d i t i o n s  i s  1.65 l b  p e r  
day and t h e  42.15 is  t h e  p o t e n t i a l  p r o f i t  (above s e l l i n g  immediate ly)  t o  be  made 
i f  t h i s  animal  i s  f e d  through a l l  f o l l owing  s t a g e s  u n t i l  t h e  s e l l  d e c i s i o n  i s  
made. 
A t  t h e  h e a v i e r  we igh t s ,  t h e  op t imal  d e c i s i o n  i s  t o  f e ed  a t  a low r a t e  of 
g a i n  (code 3 )  o r  t o  ma in t a in  (code 2)  t o  t a k e  advantage of  expec ted  p r i c e  
i n c r e a s e s .  A t  a c u r r e n t  p r i c e  of $40 p e r  hundredweight and we igh t  of 1322 l b ,  
t h e  op t imal  d e c i s i o n  is  t o  se l l  (code 1 ) .  
A s  t h e  cow moves th rough  t h e  s t a g e s  of t h e  model (month t o  month), t h e  
expec ted  p r o f i t  from f e e d i n g  dec r ea se s  because p a r t  of t h e  expected p r o f i t  from 
f eed ing  was a t t a i n e d  i n  t h e  p r w i o u s  s t a g e  (month). When a s t a t e  (pr ice-weight  
combinat ion)  i s  i d e n t i f i e d  by a  code of 1 a t  a s t a g e  s e v e r a l  months from t h e  
beg inn ing  of feed ing ,  a l l  p r o f i t s  were worked i n t o  t h e  cow th rough  p r i c e  and g a i n  
i n c r e a s e s  from p r w i o u s  months and no f u r t h e r  p r o f i t  can b e  made. Tab le  2  
c o n t a i n s  op t imal  d e c i s i o n s  f o r  t h e  s t a g e  beg inn ing  of Apr i l .  A l l  o f  t h e  weight  
p r i c e  combinat ions  w i t h  a  1 code show no f u r t h e r  p r o f i t  p o t e n t i a l  and t h u s  
i n d i c a t e  se l l  as t h e  b e s t  dec i s i on .  For  example, i f  c u r r e n t  p r i c e  i s  $37.50 and 
t h e  cow weighs 1102 l b ,  t h e  b e s t  d e c i s i o n  is  sell .  For a c u r r e n t  p r i c e  (Apr i l  1 )  
of $30 and a weigh t  of 882 l b ,  t h e  b e s t  d e c i s i o n  is t o  f e ed  f o r  g a i n  accord ing  t o  
code 5  (1.65 l b  p e r  day) .  The expected p r o i f i t  i s  low a t  $4.07 p e r  head because  
most p r i c e  i n c r e a s e  b e n e f i t s  were  t aken  up i n  p r w i o u s  months. 
The nex t  p r i n t o u t  f o r  s t a g e  May t o  June shows r e s u l t s  of a l l  codes of 1 
except  f o r  v e r y  low p r i c e s  and l i g h t  weights .  The expected p r o f i t s  were a l l  
under  $ 2 .  p e r  head f o r  feed ing  t h e  month of May. The June p r i n t o u t  r e s u l t e d  i n  
a l l  codes of 1, i n d i c a t i n g  t h a t  no cows should be  he ld  p a s t  t h e  beginning of 
June. From a  p r a c t i c a l  s t andpo in t ,  few cows would be  f ed  p a s t  t h e  beginning of 
March g iven  t h e  low expected p r o f i t s  from cont inued feeding.  
Given t h e  cond i t i ons  of t h e  cow market i n  l a t e  1985, feed ing  of c u l l  cows 
appeared t o  have a  good p r o f i t  p o t e n t i a l .  This  was e s p e c i a l l y  t r u e  f o r  t h i n  cows 
because they  demanded a  p r i c e  only i n  t h e  mid - th i r t i e s .  A b e t t e r  c o n d i t i o n  cow, 
on t h e  o t h e r  hand, demanded a  h ighe r  p r i c e  and p o t e n t i a l  p r o f i t  from feeding  was 
n o t  l a r g e .  Feeding heavy cows a  maintenance d i e t  f o r  s e v e r a l  months t o  t a k e  
advantage of p o t e n t i a l  p r i c e  i n c r e a s e s  d i d  no t  p rovide  f o r  l a r g e  p r o f i t s .  
TABLE 1. EXPECTED P R O F I T  FROM FEEDING CULL COWS FROM NOVEMBER T O  
DECEMBER WITH VARIOUS BEGINNING COW P R I C E S  AND WEIGHTS 
Cow p r i c e  Cow weigh ts .  l b  
$/cwt . 770 880 990 11 00 1210 1320 
a The f i r s t  row i s  t h e  code and t h e  second l i n e  i s  t h e  p o t e n t i a l  p r o f i t  from 
f eed ing  a t  t h e  r a t e  of g a i n  i n d i c a t e d  by t h e  code. 
TABLE 2. EXPECTED P R O F I T  FROM FEEDING CULL COWS FROM A P R I L  TO 
MAY WITH VARIOUS BEGINNING COW WEIGHTS 
Cow p r i c e  Cow weights ,  l b  
$/cwt. 7 70 8 80 9 90 1100 1210 13 20 
a The f i r s t  row i s  t h e  code and t h e  second l i n e  i s  t h e  p o t e n t i a l  p r o f i t  from 
f eed ing  a t  t h e  r a t e  of g a i n  i n d i c a t e d  by t h e  code. 
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The change i n  the  f eede r  c a t t l e  f u t u r e s  con t rac t  from physical  de l ive ry  t o  
cash se t t l emen t  should not  a f f e c t  a  producer 's  n e t  p r i c e  f o r  h i s  f eede r  c a t t l e .  
For those producers who hedge o r  use t h e  cash forward cont rac t .  t h e  main impact 
is i n  the  bas i s .  Now, a  smal ler  b a s i s  (by about $3) should be used compared t o  
what the producer used p r i o r  t o  cash  se t t lement .  
Under t h e  o ld  de l ivery  procedure. once a producer used the  f u t u r e s  market a s  
a  hedge ( so ld  a  f u t u r e s  c o n t r a c t ) ,  t h e r e  were two a l t e rna t ives - -e i the r  buy back 
t h e  con t rac t  o r  de l ivery .  I f  t he  con t rac t  was not  "bot" back ( o f f s e t ) .  de l ive ry  
was required.  Now. i f  a  con t rac t  o r i g i n a l l y  so ld  i s  not  o f f s e t ,  cash se t t l emen t  
i s  automatic.  No f u r t h e r  a c t i o n  i s  required by t h e  user .  
(Key Words : Cash Settlement,  Futures,  Feeder c a t t l e .  ) 
In t roduct ion  
A major change recen t ly  was made by t h e  Chicago Mercanti le  Exchange i n  the  
f eede r  c a t t l e  f u t u r e s  cont rac t .  The con t rac t  now i s  under cash se t t lement ,  which 
means t h a t  de l ive ry  of t h e  physical  product ( f eede r  c a t t l e )  no longer  i s  
poss ib le .  That change went i n t o  e f f e c t  wi th  t h e  September. 1986, con t rac t ,  
The change was made f o r  s e v e r a l  reasons. The problems as soc ia t ed  wi th  
de l ive ry  of f eede r  c a t t l e  a r e  el iminated.  That inc ludes  both the  u n c e r t a i n t i e s  
and d i spu tes  a s soc ia t ed  wi th  de l ive ry  and t h e  c o s t s  incurred  i n  t h e  de l ive ry  
process. Also. t h e  cash se t t l emen t  process w i l l  promote a  more s t a b l e .  
p red ic t ab le  cash-futures p r i c e  r e l a t ionsh ip .  That r e l a t i o n s h i p  i s  c a l l e d  t h e  
bas i s .  A more s t a b l e  and p red ic t ab le  b a s i s  makes hedging a more use fu l  t o o l  f o r  
t h e  user .  
Since only a  small  percentage of producers use the  f u t u r e s  market. it may 
appear t h a t  the  change won't a f f e c t  many feede r  c a t t l e  producers. However, t h e  
change has a  g r e a t e r  impact than f i r s t  might be expected, I n  a d d i t i o n  t o  t h e  
impact on those who use t h e  f u t u r e s  market t o  hedge, t h e r e  i s  an impact on 
producers who use cash forward con t rac t s  and a l s o  on those who use the  f u t u r e s  
market a s  a  f o r e c a s t  of f u t u r e  p r i ces .  The purpose of t h i s  r epor t  i s  t o  descr ibe  
t h e  se t t lement  procedure and its impact on f eede r  c a t t l e  producers. 
Def in i t ion  
Cash se t t l emen t  is an a l t e r n a t i v e  t o  t h e  cu r ren t  Feeder C a t t l e  physical  
de l ive ry  se t t l emen t  procedure. An average of a c t u a l  cash market p r i c e s  of f eede r  
c a t t l e ,  known a s  t h e  U.S. Feeder S t e e r  P r i c e  o r  USFSP, i s  t h e  f i n a l  s e t t l emen t  
p r i c e  which w i l l  be used f o r  f eede r  c a t t l e .  (The USFSP i s  l i c e n s e  from C a t t l e  
Marketing Information Services Inc.,  a  nonprof i t  co rpora t ion  known as  
"Cattle-Fax".) That p r i c e  w i l l  be appl ied  on t h e  l a s t  day of t r ad ing ,  which i s  
t h e  day of matur i ty  of t h e  con t rac t .  A l l  p o s i t i o n s  remaining open a t  con t r ac t  
e x p i r a t i o n  a r e  s e t t l e d  i n  cash based on t h i s  f i n a l  s e t t l emen t  p r i c e  r a t h e r  than  
by d e l i v e r i n g  o r  rece iv ing  f e e d e r  c a t t l e .  
Contract  Dif ference  Between Cash Set t lement  and Physical  Delivery 
There a r e  t h r e e  major d i f f e rences  i n  t h e  con t rac t  s p e c i f i c a t i o n s  used t o  
a r r i v e  a t  t h e  cash se t t l emen t  p r i c e  from those used f o r  phys ica l  de l ive ry .  
F i r s t ,  t h e  cash se t t lement  p r i c e  i s  based on s a l e s  of feeder  s t e e r s  weighing 
between 600 and 800 l b  r a t h e r  than t h e  cu r ren t  575 t o  700-lb weight range. The 
weight range has been expanded t o  inc lude  a  broader  group of feeders  produced 
throughout t h e  U.S. 
Second, t h e  cash se t t l emen t  p r i c e  i s  based on s a l e s  of f eede r  s t e e r s  which 
w i l l  grade 60 t o  80% Choice when f ed  t o  s l augh te r  weight.  The phys ica l  d e l i v e r y  
c o n t r a c t  had somewhat t i g h t e r  grade s p e c i f i c a t i o n s .  
Third, p r i c e s  of c a t t l e  included i n  t h e  USFSP a r e  from numerous l o c a t i o n s  i n  
27 s t a t e s .  When phys ica l  de l ive ry  was poss ib le ,  de l ive ry ,  when made, w a s  t o  be 
a t  one of 11 acceptable  de l ive ry  s i t e s  i n  only 10 s t a t e s .  Therefore, t h e  cash 
se t t lement  p r i c e  is based upon a l a r g e r  number of l o c a t i o n s  from a g r e a t l y  
expanded area .  
Determination of F ina l  Cash Set t lement  P r i ce  
Cattle-Fax ob ta ins  auc t ion  p r i c e s  and d i r e c t  s a l e  p r i c e s  f o r  600 t o  800 l b  
f eede r  s t e e r s  s e l l i n g  i n  27 s t a t e s  i n  t h e  four  geographic reg ions  of t h e  West, 
t h e  North, t h e  Cent ra l  and t h e  Southeast.  South Dakota i s  i n  the  West reg ion  
along wi th  North Dakota, Montana, Wyming and Iowa. The North Dakota p r i c e  and 
t h e  South Dakota p r i c e  a r e  combined i n t o  a  s i n g l e  p r i c e  f o r  t h e  two s t a t e s .  
There a r e  f i v e  b a s i c  s t e p s  used i n  c a l c u l a t i n g  t h e  USFSP. 
(1) A p r i c e  i s  c a l c u l a t e d  f o r  t h e  auc t ion  c a t t l e  so ld  i n  each s t a t e  o r  
s t a t e  group. 
(2)  A p r i c e  i s  ca l cu la t ed  f o r  t h e  d i r e c t  s a l e  c a t t l e  i n  each s t a t e  o r  s t a t e  
group. 
( 3 )  P r i c e s  obtained i n  (1) and (2) a r e  combined i n t o  a  s i n g l e  p r i c e  f o r  
each s t a t e  o r  s t a t e  group. 
( 4 )  A p r i c e  i s  ca l cu la t ed  f o r  each of fou r  regions by averaging t h e  p r i c e s  
of a l l  s t a t e s  i n  each region. 
(5)  F ina l ly ,  t hese  fou r  reg ional  p r i c e s  a r e  combined i n t o  a  s i n g l e  n a t i o n a l  
price--the USFSP. 
The USFSP i s  published da i ly .  The f i n a l  cash se t t lement  p r i c e  i s  an average 
of t he  USFSP f o r  t h e  l a s t  day of t r ad ing  and t h e  preceding six-day period. 
The cash - se t t l ed  c o n t r a c t  w i l l  t e rmina te  t r a d i n g  on t h e  l a s t  Thursday of t h e  
e x p i r a t i o n  month. However, i f  a  ho l iday  f a l l s  on any of t h e  f o u r  weekdays p r i o r  
t o  t h a t  Thursday, t r a d i n g  w i l l  t e rmina te  on t h e  f i r s t  p r i o r  Thursday t h a t  i s  n o t  
a  ho l iday  and i s  n o t  s o  preceded by a  hol iday.  
Impact of Changes on P r i c e s  
A s  t h e  ma tu r i t y  d a t e  of a  c o n t r a c t  approaches, and t h a t  i s  around t h e  20th  
day of t h e  c o n t r a c t  month, cash  and f u t u r e s  p r i c e s  tend t o  converge. When 
d e l i v e r y  was poss ib l e ,  t h e  convergence p r i c e  l e v e l  was c l o s e  t o  t h e  cash  p r i c e  a t  
major accep tab le  d e l i v e r y  l o c a t i o n s .  Now, under cash se t t l emen t ,  t h e  convergence 
p r i c e  l e v e l  w i l l  b e  c l o s e  t o  t h e  USFSP p r i ce .  The convergence p r i c e  l e v e l  now 
w i l l  b e  lower than  under t h e  system where d e l i v e r y  was poss ib l e .  There a r e  
s e v e r a l  reasons  f o r  t h a t  lower p r i ce .  
F i r s t ,  s i n c e  phys ica l  d e l i v e r y  i s  n o t  r equ i r ed ,  t h e r e  a r e  no c o s t s  of 
de l ive ry .  P r i ce s  on t h e  f u t u r e s  market w i l l  no t  be  "bid-up" t o  cover  t h a t  c o s t .  
Second, t h e  wider  weight range, e s p e c i a l l y  t h e  i n c l u s i o n  of h e a v i e r  animals and 
t h e  l o o s e r  q u a l i t y  grade s p e c i f i c a t i o n s ,  w i l l  cause a  lower p r i c e  under t h e  cash 
s e t t l e m e n t  system. Third,  p r i c e s  c o l l e c t e d  from h i s t o r i c a l l y  low-priced a r e a s  
w i l l  no t  b e  ad jus t ed .  The r e s u l t  w i l l  be  a  lower p r i c e  under  cash  se t t l emen t  
than  was t r u e  w i t h  de l ive ry .  
Est imates  of t h e  impact of t h e  above changes have been i n  t h e  range of $2 t o  
$5 p e r  hundredweight. General ly ,  a  p r i c e  r educ t ion  i n  South Dakota of $3 p e r  
hundredweight appears  l i k e l y .  
Impact on Producers 
A lower p r i c e  on t h e  f u t u r e s  market a s  a  r e s u l t  of t h e  above changes does 
no t  mean lower f e e d e r  c a t t l e  p r i c e s .  The changes, nonethe less ,  a r e  important .  
Ce r t a in ly ,  u s e r s  of t h e  f e e d e r  c a t t l e  f u t u r e s  market should be  aware of t h e  
change. F i r s t ,  they  no longe r  w i l l  d e l i v e r  a g a i n s t  t h e  con t r ac t .  Second, they 
must n o t e  t h a t  t h e  "new" p r i c e  quoted on t h e  f u t u r e s  board r ep re sen t s  a  s l i g h t l y  
d i f f e r e n t  e n t i t y  than  was represented  under phys ica l  d e l i v e r y  and t h a t  t h e  p r i c e  
i s  lower. Again, t h i s  does - n o t  mean t h a t  t h e  producer ends up w i t h  a  lower 
p r i ce .  Rather,  i t  means t h a t  a  sma l l e r  b a s i s  should be  used. I f  under phys i ca l  
d e l i v e r y ,  t h e  producer  sub t r ac t ed  $3 from t h e  f u t u r e s  p r i c e  t o  a r r i v e  a t  a  
l o c a l i z e d  p r i c e ,  now no deduct ion i s  necessary.  O r ,  i f  under phys ica l  d e l i v e r y  a  
producer was a b l e  t o  add $3 t o  t h e  f u t u r e s  p r i c e  ( h i s  l o c a l  market i s  an  
extremely good one, h i s  animals a r e  much l i g h t e r  than  those  descr ibed  i n  t h e  
c o n t r a c t  o r  o t h e r  reasons could enable t h e  producer t o  do t h a t ) ,  now a $6 f i g u r e  
could be  added t o  a r r i v e  a t  a  l o c a l i z e d  p r i ce .  
The same concept a p p l i e s  t o  producers  who use t h e  cash  forward c o n t r a c t .  I n  
gene ra l ,  cash forward c o n t r a c t s  involve t h e  de te rmina t ion  of a  p r i c e  i n  one time 
per iod  w i t h  product  de l ive ry  i n  another .  I n  most cases ,  t h e  cash forward 
c o n t r a c t  p r i c e  i s  based upon t h e  f u t u r e s  market and u s u a l l y  involves  a  deduct ion 
from t h e  f u t u r e s  market quote.  With t h e  new method of p r i c e  de te rmina t ion  f o r  
t h e  f u t u r e s  c o n t r a c t ,  a  sma l l e r  deduct ion ( o r  a  b igge r  add-on) should be  used. 
For example, a  producer dec ides  i n  March t o  forward c o n t r a c t  h i s  ca lves  f o r  F a l l  
d e l i v e r y  bu t  wants t o  dec ide  on p r i c e  now. I f  t h e  f u t u r e s  market f o r  f e e d e r  
c a t t l e  i s  used t o  a r r i v e  a t  t h a t  p r i c e ,  a  s m a l l e r  f i g u r e  (say $3 sma l l e r )  should 
be  s u b t r a c t e d  from t h e  f u t u r e s  p r i c e  now than  would have been s u b t r a c t e d  under 
t h e  phys i ca l  d e l i v e r y  system. 
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Some r i s k  can be t r a n s f e r r e d  t o  someone e l s e ,  some may have t o  be r e t a i n e d  
by t h e  producer. P r i ce  r i s k  i s  one type of r i s k  which can be s h i f t e d  t o  someone 
e l s e  . 
The cash  market method of p r i c i n g  keeps t h e  r i s k  i n  t h e  hands of t h e  
producer. Often, t h a t  means t h a t  r i s k  i s  n o t  managed, j u s t  accepted a s  p a r t  of 
doing bus iness .  The forward p r i c i n g  techniques--cash forward p r i c i n g ,  f u t u r e s  
market and opt ions--offer  some opportuni ty t o  manage p r i c e  r i s k  by s h i f t i n g  some 
of t h a t  r i s k  t o  someone e l s e .  
Merely s h i f t i n g  p r i c e  r i s k  t o  someone e l s e  doesn ' t  n e c e s s a r i l y  mean e i t h e r  
more p r o f i t s  o r  even prudent management of t h a t  r i s k .  Each producer must 
eva lua t e  h i s  o r  h e r  awn s i t u a t i o n  and decide how much p r i c e  r i s k  they can a f f o r d  
and want t o  keep and how much they  want t o  "get r i d  of". Then, they  must dec ide  
how b e s t  t o  do t h a t  given t h e i r  own s i t u a t i o n ,  inc luding  t h e i r  a b i l i t y  t o  use t h e  
techniques a v a i l a b l e .  Remember, i n c o r r e c t  use  a c t u a l l y  could i n c r e a s e  p r i c e  
r i s k .  The key is t o  "manage t h e  r i s k "  you keep and s h i f t ,  no t  n e c e s s a r i l y  t o  
e i t h e r  keep i t  a l l  o r  s h i f t  i t  a l l  t o  someone e l s e .  
A l l  marketing techniques r e q u i r e  t i m e  i f  done c o r r e c t l y .  The use of forward 
p r i c i n g  techniques r equ i r e s  more information,  no t  less. Time i s  requi red  both t o  
l e a r n  t h e  procedures and t o  l e a r n  what they can and cannot do. 
(Key Words: Risk Management, Marketing, Hedging, Options Market.) 
In t roduc t ion  
Producers of a l l  a g r i c u l t u r a l  commodities assume many types  of  r i s k ,  
i nc lud ing  every th ing  from weather  r i s k  t o  d i s e a s e  r i s k  t o  p r i c e  r i s k .  The c a t t l e  
producer i s  no except ion.  
In  many cases ,  t h e r e  a r e  no means t o  t o t a l l y  s h i f t  t h e  r i s k  t o  someone else. 
In  f a c t ,  t h a t  probably would not  be d e s i r a b l e ,  s i n c e  i t  i s  t h e  assumption of r i s k  
which can l e a d  t o  p r o f i t s  ( o r  l o s s e s ) .  Rather,  producers must l e a r n  t o  manage 
t h e i r  r i s k  s o  t h a t  i t  becomes a  s e rvan t  r a t h e r  than t h e  r u l e r .  
The primary purpose of t h i s  paper i s  t o  o u t l i n e  some of t h e  means which t h e  
producers can use t o  manage only one form of r isk--pr ice r i s k .  C a t t l e  producers 
have f o u r  b a s i c  methods which they can use  t o  manage p r i c e  r isk-- the cash market, 
con t r ac t ing  f o r  f u t u r e  de l ive ry ,  t h e  f u t u r e s  market and t h e  op t ions  market. The 
p r i c i n g  a l t e r n a t i v e s  a r e  d iscussed  b r i e f l y  s o  t h a t  comparisons can be made. 
Cash Market 
Most producers a r e  f ami l i a r  with the  cash market. That i s  t h e  method they 
use most often. Essent ia l ly .  a p r i ce  i s  not  determined f o r  the  producer 's  c a t t l e  
u n t i l  they "go t o  market". Most producers do "expectn c e r t a i n  p r i ce  l e v e l s  t o  be 
prevalent  when they market t h e i r  c a t t l e ;  but. when t h e  cash method i s  used, t h e r e  
a r e  no guarantees. The producer i s  a p r i c e  taker .  The only decis ions  a r e  when 
t o  market and which market o u t l e t  t o  use. 
The cash market i s  used most by c a t t l e  producers because they a r e  f a m i l i a r  
wi th  it. For many feeder  c a t t l e  producers, the  cash market i s  the  only v i a b l e  
a l t e r n a t i v e  they have t o  p r i c e  t h e i r  product. The cash market is  e a s i e r  t o  use 
and requ i res  fewer decisions.  It is the  method under which the  producer 
maintains the  g r e a t e s t  degree of p r i ce  r i sk .  In  f a c t ,  t he  r i s k  i s  not  r e a l l y  
managed-it j u s t  is  included a s  p a r t  of the  s i t u a t i o n  o r  i t  i s  assumed t h a t  
" there  i s n ' t  anything t h a t  can be done about itn. 
Three major f a c t o r s  must be remembered when using the  cash method of 
marketing. F i r s t ,  because the  maximum l e v e l  of p r i ce  r i s k  i s  maintained by the  
producer, t h i s  method provides the  maximum po ten t i a l  f o r  p r o f i t s  & losses .  
Since e i t h e r  p r o f i t s  o r  l o s s e s  can occur, the  producer must be wi l l ing-and  a b l e  
t o  accept  e i t h e r  s i t u a t i o n .  Second, all planning i s  based upon p r i c e  
expecta t ions  or  fo recas t s .  These fo recas t s  can e i t h e r  be someone e l s e ' s  f o r e c a s t  
o r  the  producer's forecas t .  There i s  a tendency t o  be too  op t imis t i c  i n  
forecas t ing ,  meaning n e t  p r o f i t s  of ten  a r e  smal ler  o r  n e t  l o s s e s  a r e  l a r g e r  than 
expected. Third, i f  lenders  view the cash method of marketing a s  "too r isky",  
they may refuse t o  lend money, they may lend l e s s  money o r  they may charge a 
higher r a t e  of i n t e r e s t  f o r  the  money they do lend. 
Contracting For Future Delivery 
Of the  four methods noted, t h i s  pr ic ing  technique is second t o  t h e  cash 
method i n  frequency of use by c a t t l e  producers. However, it is a very d i s t a n t  
second. Essent ia l ly ,  t h i s  pr ic ing  technique involves the  use of a w r i t t e n  
con t rac t  between the  s e l l e r  (producer) and t h e  buyer. Sometimes t h i s  i s  c a l l e d  a 
forward contrac t  o r  a cash forward contrac t .  The contrac t  involves not  only 
p r i c e  but  a system whereby premiums can be added o r  discounts  can be deducted 
from t h e  i n i t i a l  price.  Qua l i ty  f ac to r s ,  quant i ty  f ac to r s  and any o the r  
cons idera t ions  deemed important should be  p a r t  of the  w r i t t e n  contract .  I n  t h i s  
method of pricing,  t h e  ac tua l  p r i ce  o r  the  method t o  be used t o  determine the  
a c t u a l  p r i c e  is determined when the  con t rac t  is  made. Actual de l ivery  of t h e  
c a t t l e  of the  q u a l i t y  and quant i ty  described i n  t h e  con t rac t  occurs a t  a l a t e r  
da te ,  a l s o  speci f ied  i n  t h e  contract .  
Many contract  p r i c e s  used i n  t h i s  pr ic ing  method a r e  based upon t h e  f u t u r e s  
market. For example, i f  a producer decided i n  t h e  Spring t h a t  he wanted t o  make 
a con t rac t  t o  d e l i v e r  feeder  c a t t l e  i n  November, the  con t rac t  p r i c e  l i k e l y  would 
be  the  November fu tu res  p r i c e  f o r  feeder c a t t l e  p lus  o r  minus a set amount, such 
a s  $3 o r  $4 per hundredweight. The d e t a i l s  f o r  a premium above t h a t  pr ice ,  o r  a 
discount  from it, would be out l ined i n  the  cont rac t .  I t  i s  l i k e l y  t h a t  a premium 
would be added i f  the  average weight of t h e  c a t t l e  so ld  i s  considerably l e s s  than 
650 lb.  A discount could be  made i f  the  average weight was a t  o r  above 650 l b .  
A s i m i l a r  procedure could be used f o r  fed  c a t t l e  using t h e  l i v e  c a t t l e  f u t u r e s  
market . 
Since  t h e  forward c o n t r a c t  p r i c e  u s u a l l y  i s  based upon t h e  f u t u r e s  market ,  
changes t h e r e  a f f e c t  most forward c o n t r a c t s .  S t a r t i n g  w i t h  t h e  September, 1986, 
f e e d e r  c a t t l e  f u t u r e s  c o n t r a c t ,  a l l  s e t t l e m e n t s  of c o n t r a c t s  s t i l l  open a t  
m a t u r i t y  a r e  made by ca sh  s e t t l emen t .  De l ivery  of t h e  f e e d e r  animal t o  f u l f i l l  
t h e  c o n t r a c t  i s  n o t  pos s ib l e .  The c r i t e r i a  ( q u a l i t y  f a c t o r s )  used t o  a r r i v e  a t  
t h e  s e t t l e m e n t  p r i c e  i s  based upon s l i g h t l y  h e a v i e r  and s l i g h t l y  lower  q u a l i t y  
an imals  t han  were used t o  de te rmine  t h e  f u t u r e s  market  p r i c e .  The n e t  impact t o  
t h e  p roducer  u s i n g  t h e  cash  forward c o n t r a c t  f o r  f e e d e r  c a t t l e  i s  i n  t h e  a r e a s  of 
b a s i s .  The preced ing  paragraph  sugges ted  t h a t  a $3 o r  $4 p e r  hundredweight 
deduc t i on  from t h e  f u t u r e s  market  p r i c e  b e  t aken  t o  a r r i v e  a t  a cash  forward 
c o n t r a c t  p r i c e .  Now, no deduc t ion  should  b e  made i f  t h e  p roduce r ' s  c a t t l e  weigh 
approximately  650 t o  700 l b  and meet t h e  ~ t h e r ~ ~ e c i f i c a t i o n s  of t h e  f u t u r e s  
c o n t r a c t .  Of course ,  deduc t i ons  s t i l l  are neces sa ry  i f  t h e  p roduce r ' s  c a t t l e  are 
much below t h e  q u a l i t y  of t h e  an imals  de sc r i bed  i n  t h e  cor responding  f e e d e r  
c a t t l e  c o n t r a c t .  And, a p o s i t i v e  b a s i s  may be  used (added) i f  a p roduce r ' s  
c a t t l e  a r e  of h i g h  q u a l i t y  b u t  weigh l e s s  t h a n  600 l b .  
Th i s  method i s  f a i r l y  e a sy  t o  u se  and ha s  ga ined  some accep tance  among 
producers .  P r i c e  r i s k  i s  s h i f t e d  from t h e  p roducer  t o  t h e  buyer.  There fore ,  
most of t h e  p r i c e  r i s k  i s  managed and t h e  element of r i s k  reduced. However, t h e  
p roducer  must a c c e p t  t h e  p r i c e  a s  agreed  upon--opportunity t o  a ccep t  a h i g h e r  
p r i c e  t han  t h e  ag r eed  upon p r i c e  i f  a c t u a l  c a sh  p r i c e s  are h i g h e r  a t  t h e  t i m e  t h e  
c a t t l e  a r e  d e l i v e r e d  a r e  gone. Any excep t i ons  l i k e l y  w i l l  be  r e l a t i v e l y  c o s t l y .  
Th i s  method of p r i c i n g  g e n e r a l l y  y i e l d s  a lower  n e t  p r i c e  t o  t h e  p roducer  
t han  do t h e  o t h e r  forward p r i c i n g  methods. However, t h e r e  a r e  no margin c a l l s  
and a b r o k e r  i s  n o t  needed. The main p a r t i c i p a n t s  i n  t h e  c o n t r a c t  are t h e  buyer  
and seller. 
Fu tu r e s  Market 
Most p roducers  have heard  about t h e  f u t u r e s  market,  v e r y  few use it and many 
would l i k e  t o  see i t  e l im ina t ed .  T h i s  p r i c i n g  method i s  more complicated t han  
t h e  f i r s t  two methods d i scussed .  E s s e n t i a l l y ,  it invo lve s  t h e  p r i c i n g  of a 
commodity now w i t h  a c t u a l  d e l i v e r y  of t h e  product  a t  a l a t e r  da t e .  That 
p rocedure  i s  c a l l e d  hedging. The main d i f f e r e n c e  from a forward c o n t r a c t  i s  i n  
t h e  d e l i v e r y  p rocess .  I n  a forward c o n t r a c t ,  d e l i v e r y  of t h e  p roduc t  i s  
expected.  I n  a f u t u r e s  c o n t r a c t ,  d e l i v e r y  is  p o s s i b l e  (excep t  f o r  f e e d e r  c a t t l e )  
b u t  n o t  expected.  P r i o r  t o  t h e  d e l i v e r y  d a t e ,  t h e  s e l l e r  buys back h i s  c o n t r a c t ,  
t h e r eby  r e l i e v i n g  him of t h e  r e s p o n s i b i l i t y  t o  d e l i v e r .  That repurchase  
g e n e r a l l y  occurs  c l o s e  t o  t h e  t i m e  t h e  c a t t l e  a r e  s o l d  on t h e  cash  market.  
However, t h e  repurchase  can be  made a t  any t ime  p r i o r  t o  t h e  e x p i r a t i o n  of t h e  
c o n t r a c t .  A q u i c k  example may show t h e  mechanics. I n  t h e  example, t h e  b a s i s  i s  
assumed t o  be  ze ro .  
Cash Market Fu tu r e s  Market 
March Calves  are born  S e l l  a Nov f u t u r e s  -- $75 
Mar Nov Raise c a l v e s  t o  500 l b  Hold f u t u r e s  c o n t r a c t  
Nov S e l l  c a l v e s  -- $70 Buy Nov f u t u r e s  c o n t r a c t  -- $70 
I n  t h e  above example, t h e  t o t a l  c o s t  of producing a 500-lb c a l f  i s  assumed 
t o  be  $350 o r  $70 p e r  hundredweight.  I f  t h e  c a s h  p r i c e  was on ly  $70, t h e r e  would 
have been a break-even s i t u a t i o n  on t h e  cash  s i d e .  But, t h e  f u t u r e s  market 
sha r ed  a n e t  g a i n  of $5 ( s e l l  f o r  $75 and buy f o r  $70) .  I f  one adds t h e  $5 
fu tu res  market ga in  t o  t h e  $70 cash p r i ce ,  t he  t o t a l  p r i c e  i s  $75 o r  a  n e t  of $5 
pe r  hundredweight. I n  t h i s  case,  t h e  f u t u r e s  market added t o  r e t u r n s  from t h e  
cash s i d e  because p r i ces  went down. I f  p r i c e s  had gone higher ,  say $80, t h e  
r e t u r n s  from t h e  cash s i d e  would have been reduced by "losses" on t h e  f u t u r e s  
s ide .  The n e t  r e s u l t ,  however, s t i l l  would have been a $75 p r i ce .  Again, a  
s i m i l a r  procedure could be  used by t h e  c a t t l e  f eede r  using t h e  l i v e  c a t t l e  
con t rac t .  
Producers do not  make extensive use of t h e  fu tu res  market f o r  seve ra l  
reasons--they don't  understand it ,  they don ' t  t r u s t  it o r  it doesn ' t  f i t  t h e i r  
s i t u a t i o n .  Most of the  p r i c e  r i s k  i s  s h i f t e d  t o  someone e l s e ,  u sua l ly  a  
specula tor .  The producer does maintain b a s i s  r i s k .  Generally, t h a t  r i s k  is  much 
lower than p r i c e  r i s k .  Also, t h e  producer cannot take  advantage of h igher  p r i c e s  
should they occur. Therefore, t h i s  t o o l  o f f e r s  p r i c e  p ro tec t ion  i f  p r i c e s  drop 
but  not  the a b i l i t y  t o  b e n e f i t  i f  p r i ces  go higher .  
The ne t  p r i c e  t o  t h e  producer genera l ly  i s  h igher  than t h e  forward con t rac t  
pr ice .  However, t h e r e  i s  an i n i t i a l  margin requirement and more may be required.  
Also, a  broker  must be used and t h a t  involves a  commission charge. 
Three major cons idera t ions  must be remembered when using the  f u t u r e s  market. 
F i r s t ,  t h e r e  is  t h e  r u l e  of oppos i te  t r ansac t ions .  When buying ( o r  producing) 
the  phys ica l  o r  cash commodity, t h e  producer s e l l s  a  f u t u r e s  con t rac t .  When 
s e l l i n g  t h e  phys ica l  commodity, t h e  producer buys back the  con t rac t .  Second, t h e  
volume of product hedged must be equal t o  o r  l e s s  than t h e  a c t u a l ,  phys ica l  
volume on hand o r  i n  t h e  production process. Transact ions i n  t h e  f u t u r e s  market 
f o r  l a r g e r  q u a n t i t i e s  than on hand o r  t o  be produced a r e  c a l l e d  specula t ing .  
Third, it i s  e s s e n t i a l  t h a t  the  use r  understand t h e  r o l e  of margin money (and t h e  
need f o r  an unlimited margin account),  t h e  impact of b a s i s  and con t rac t  
s p e c i f i c a t i o n ,  e s p e c i a l l y  a s  they , r e l a t e  t o  a c t u a l  production q u a l i t i e s .  
Opt ions  
This p r i c i n g  a l t e r n a t i v e  i s  t h e  newest and probably l e a s t  used of those  
a v a i l a b l e  t o  c a t t l e  producers. I n  f a c t ,  t h e r e  is  not  an opt ions  program 
a v a i l a b l e  f o r  f eede r  c a t t l e ,  only fed c a t t l e .  There may be an opt ions  program 
f o r  f eede r  c a t t l e  e a r l y  i n  1987, but  t h a t  i s  not  c e r t a i n .  
The l i v e  c a t t l e  opt ions  programs was i n i t i a t e d  i n  mid-1985 and has met wi th  
l i m i t e d  success. This a l t e r n a t i v e  has been compared t o  an insurance policy--you 
pay a charge (premium) f o r  p r i c e  p ro tec t ion  and use t h a t  p r o t e c t i o n  only i f  
circumstances warrant  using it. 
There a r e  seve ra l  bas i c  d e f i n i t i o n s  o r  concepts which must be understood 
before  a  producer should even cons ider  using t h e  opt ions  market. 
Options defined -- The RIGHT t o  buy o r  s e l l  a  f u t u r e s  con t rac t  a t  a  s p e c i f i c  
p r i c e  on o r  before  an exp i ra t ion  date.  
Cal l  opt ion  -- Right t o  BUY a Futures Contract.  The Ca l l  Buyer pays t h e  
premium and has t h e  r i g h t  t o  exerc ise .  The Ca l l  S e l l e r  c o l l e c t s  t h e  
premium and has an ob l iga t ion  i f  c a l l  i s  exercised.  
Put opt ion  -- Right t o  SELL a  Future Contract .  A Put Buyer pays t h e  premium 
and t h e  r i g h t  t o  exe rc i se .  A Put S e l l e r  c o l l e c t s  t h e  premium and has 
an o b l i g a t i o n  i f  t h e  put  i s  exerc ised .  
S t r i k e  p r i c e  -- Pr ice  a t  which the  Option Holder may buy o r  s e l l  t h e  
underlying Futures  con t rac t .  This p r i c e  i s  s e t  by t h e  exchange. 
Premium -- P r i c e  of an Option. This is  negot ia ted  by t h e  buyer and s e l l e r .  
Major f a c t o r s  a f f e c t i n g  t h e  premium a r e  (1) v o l a t i l i t y  of f u t u r e s  
p r i c e s ,  (2 )  s t r i k e  p r i c e  compared t o  f u t u r e s  p r i ce , (3 )  t ime, (4) market 
expecta t ions ,  and (5) i n t e r e s t  r a t e s .  
The concept of opt ions  seems confusing t o  those  who have no t  used it. A 
producer who wants t o  use the  opt ions  f o r  c a t t l e  can use e i t h e r  of two b a s i c  
s t r a t e g i e s :  ( a )  buy a  put  opt ion  o r  (b) s e l l  a  c a l l  opt ion.  
Buying A Put Option. I n  t h i s  s t r a t e g y  (buying a  p u t ) ,  t h e  buyer ( o r  
producer) r e a l l y i s  paying a  premium f o r  t h e  r i g h t  (not  ob l iga t ion )  t o  s e l l  a  
l i v e  c a t t l e  f u t u r e s  con t rac t .  Since it i s  no t  an  ob l iga t ion ,  t h e r e  a r e  no margin 
c a l l s .  The only c o s t s  involved a r e  the  i n i t i a l  premium and a  b roke r ' s  commission 
(genera l ly  i n  t h e  $50 t o  $100 range p e r  c o n t r a c t ) .  
I n  t h i s  a l t e r n a t i v e ,  t h e  buyer has unl imited upside p r i c e  p o t e n t i a l  and a l s o  
s e t s  a  f l o o r  p r i c e  f o r  h i s  c a t t l e .  The procedure used t o  compute t h e  minimum 
expected n e t  p r i c e  is  a s  follows: 
S t r i k e  P r i c e  - Premium - Basis  = Minimum Expected Net P r i c e  
This  means t h a t  b a s i s ,  t h e  same b a s i s  used i n  t h e  f u t u r e s  market, is  c r i t i c a l  i n  
a r r i v i n g  a t  a  f i n a l  expected p r i ce .  
An example of t h i s  s t r a t e g y  might b e s t  i l l u s t r a t e  what happens under va r ious  
p r i c e  changes. Again, a  fed  c a t t l e  example w i l l  be used because t h e r e  i s  not  a  
program f o r  f eede r  c a t t l e .  I n  t h e  example, t h e  b a s i s  is  assumed t o  be $1, t h e  
premium i s  assumed t o  be  $3 and t h e  s t r i k e  p r i c e  i s  assumed t o  be $60 ( a l l  on a  
hundredweight b a s i s ) .  Therefore, t h e  expected minimum p r i c e  i s  $56 ($60-$3-$1). 
Also, assume it i s  now October 15 and t h e  c a t t l e  w i l l  be ready f o r  market i n  
Apr i l .  That means t h e  i n i t i a l  a c t i o n  would be  t o  buy a  l i v e  c a t t l e  Apr i l  op t ion  
i n  October a t  a  s t r i k e  p r i c e  of $60 and t h e  c o s t  of t h e  opt ion  (premium) would be 
$3.  The r e s u l t s  of t h e  a c t i o n  a r e  shown i n  the  c h a r t  below under va r ious  
assumptions about c a t t l e  p r i c e s  i n  Apr i l  ( a c t u a l l y  l a t e  March s i n c e  the  Apr i l  
op t ions  c o n t r a c t s  e x p i r e  l a t e  i n  March). 
Cash Fed 
C a t t l e  P r i c e  
I n  Apri l  Action Net P r i ce  
$70 S e l l  c a t t l e  and not  exe rc i se  opt ion  $70-3-1=$66 
( f o r f e i t  premium) 
$65 S e l l  c a t t l e  and not  e x e r c h e  opt ion  $65-3-1=$61 
( f o r f e i t  premium) 
$60 S e l l  c a t t l e  and not  exe rc i se  option $60-3-1=$56 
( f o r f e i t  opt ion)  
$55 S e l l  c a t t l e - o f f s e t  option--collect $55-3-1 +5=$56 
$5 premium 
$5 0 S e l l  c a t t l e - o f f s e t  option--collect $5 0-3-1 +% 08=$56 
$10 premium 
The example i s  used t o  i l l u s t r a t e  t h a t  t h e  producer has s e t  a  f l o o r  p r i c e  
f o r  h i s  c a t t l e  through t h e  use of opt ions;  but  t h a t  t h e  producer a l s o  can t ake  
advantage of h igher  p r i c e s  should they occur. That w a s  no t  poss ib le  i n  t h e  
f u t u r e s  market. 
I n  t h e  a b w e  example, t h e  o r i g i n a l  premium i s  f o r f e i t e d  i f  p r i c e s  move 
h igher  o r  s t a y  a t  t h e  s t r i k e  p r i c e  l e v e l .  I f  cash p r i c e s  move lower, t h e  
producer can ga the r  i n  money by o f f s e t t i n g  h i s  option. I n  t h i s  case. o r i g i n a l l y  
a $60 put opt ion  was purchased f o r  $3. When t h e  cash p r i c e  i s  only $55, t h e  
opt ion  has a  va lue  of $5 ($60 - $55). I f  t h e  cash p r i c e  i s  only $50, t h e  $68 put 
opt ion  has a  va lue  of $10. Or ig ina l ly ,  a premium w a s  paid f o r  the  r i g h t  t o  s e l l  
something f o r  $60 ( s t r i k e  p r i c e ) .  Now, t h a t  something is  worth only $50. 
Therefore, t h e  r i g h t  t o  sell  a t  $60 i s  worth $18 ($60-$50). 
Se l l ing  - A - Cal l  Option. Another a l t e r n a t i v e  f o r  t h e  producer i s  t o  s e l l  a  
c a t t l e  c a l l  opt ion  f o r  April .  It should be  made c l e a r  t h a t  t h i s  a l t e r n a t i v e  has 
very  l i m i t e d  use under s p e c i a l  circumstances and should be used only by those who 
f u l l y  underst-and t h e  poss ib le  impacts. I n  f a c t ,  t h e  use of a  c a l l  a lone (not  i n  
conjunct ion wi th  a  put)  may add r i s k  t o  t h e  producer's s i t u a t i o n .  Assuming t h e  
va lues  a r e  t h e  same as i n  t h e  example, t h e  s e l l e r  (or  producer) ga the r s  
in a premium ($3) f o r  t h e  ob l iga t ion  (not  t h e  r i g h t )  t o  f u l f i l l  t h e  r i g h t s  of t h e  
buyer should t h a t  buyer choose t o  exe rc i se  h i s  option. The buyer ' s  r i g h t s  i n  
t h i s  case  a r e  t o  buy a f u t u r e s  con t rac t  a t  t h e  s t r i k e  p r i c e  of $60. The buyer 
pa id  t h e  $3 premium which t h e  s e l l e r  received. I f  t h e  buyer exe rc i ses  h i s  
opt ion,  t h e  s e l l e r  ( o r  producer) must e i t h e r  s e l l  a  con t rac t  t o  t h e  buyer f o r  $68 
o r  take  o f f s e t t i n g  a c t i o n  (buy a c a l l ) ,  and t h a t  may involve a d d i t i o n a l  
expenditures.  
The s e l l e r  of any opt ion  (put o r  c a l l )  does not  pay a premium. Rather, t h e  
s e l l e r  ga the r s  i n  t h e  premium. However, t h e  s e l l e r  may have t o  pay margin money 
i f  t h e  "market mwes aga ins t  him". The s e l l e r  has l i m i t e d  upside p r i c e  p o t e n t i a l  
and has unlimited r i s k .  The s e l l e r  does, however, genera te  a d d i t i o n a l  income 
from t h e  premium received. I f  nothing happens t o  f u t u r e s  p r i ces ,  t h e  s e l l e r  
pockets t h e  premium. 
A c h a r t  s i m i l a r  t o  t h e  one used f o r  buying a put can be used t o  i l l u s t r a t e  
t h e  r e s u l t s  of a  higher ,  lower o r  unchanged pr ice .  The assumptions used a r e  t h e  
same a s  f o r  t h e  previous strategy--the s t r i k e  p r i c e  i s  $60, t h e  b a s i s  i s  $1 and 
the  i n i t i a l  premium is  $3. 
Cash C a t t l e  
P r i ces  i n  
Ap r il Action Net P r i ce  
$7 0  S e l l  c a t t l e  and pay t o  o f f s e t  opt ion  $70+3-140 = $62 
$65 S e l l  c a t t l e  and pay t o  o f f s e t  opt ion  $65+3-1-5 = $62 
$60 S e l l  c a t t l e  and keep premium $60+3-1 = $62 
$55 S e l l  c a t t l e  and keep premium $55+3-1 = $57 
$5 0  S e l l  c a t t l e  and keep premium $50+3-1 = $52 
A quick comparison of t h e  two s t r a t e g i e s  po in t s  out  t he  following. 
(1) I f  p r i c e s  move sharp ly  h igher  o r  lower than t h e  o r i g i n a l  s t r i k e  p r i c e ,  
buying a  put w i l l  r e s u l t  i n  a  h igher  n e t  p r i ce .  This  method does s h i f t  p r i c e  
r i s k  t o  someone e l s e ,  u sua l ly  a  specula tor .  
(2)  I f  p r i c e s  don' t  d w i a t e  s i g n i f i c a n t l y  from t h e  s t r i k e  p r i c e ,  s e l l i n g  a  
c a l l  op t ion  w i l l  r e s u l t  i n  a  higher  n e t  p r i ce .  Note t h a t  p r i c e  r i s k  s t i l l  i s  
maintained by t h e  producer. I f  p r i c e s  go darn, s e l l i n g  a  c a l l  w i l l  no t  g ive  any 
p ro tec t ion .  
Which Al t e rna t ive  Is Best? 
There i s  no one s t r a t e g y  which r e s u l t s  i n  t h e  h ighes t  n e t  p r i c e  a t  a l l  
times. I n  f a c t ,  t h e  knowledge of which s t r a t e g y  is  b e s t  is  known only a f t e r  t h e  
f a c t .  That, hawever, does no t  mean t h a t  producers merely must t ake  t h e i r  changes 
and hope they p ick  t h e  b e s t  s t r a t e g y .  A g r e a t  dea l  depends on t h e  producer ' s  
goa l s  and ob jec t ives .  
For producers who a r e  r i s k  seekers  and have no r e a l  problem maintaining a l l  
of t h e i r  awn p r i c e  r i s k ,  t h e  cash market l i k e l y  w i l l  s u i t  them b e s t .  A s  noted 
e a r l i e r ,  it is  the  e a s i & s t  t o  use and r equ i re s  l i t t l e  o r  no knowledge of t h e  
o t h e r  a l t e r n a t i v e s  which could be used. 
The o t h e r  alternatives--forward cont rac t ing ,  f u t u r e s  market and options--all  
provide a  f l o o r  t o  p r i ces .  Howwer, both t h e  forward p r i c i n g  techniques and t h e  
f u t u r e s  market a l s o  provide a  c e i l i n g .  Only t h e  opt ions  market (buying a  pu t )  
a l s o  provides upward p r i c e  p o t e n t i a l s .  
I n  genera l ,  when t h e  f u t u r e s  p r i c e  is  s i g n i f i c a n t l y  h igher  than t h e  o r i g i n a l  
s t r i k e  p r i c e  a t  e x p i r a t i o n  of t h e  opt ion,  having bought a  put would have r e s u l t e d  
i n  t h e  h ighes t  n e t  p r i ce .  When t h e  f u t u r e s  p r i c e  is  approximately equal  t o  t h e  
o r i g i n a l  s t r i k e  p r i c e  a t  e x p i r a t i o n  of t h e  opt ion,  having so ld  a  c a l l  would have 
r e s u l t e d  i n  t h e  h ighes t  ne t  p r i ce .  Again, remember t h a t  s e l l i n g  a  c a l l  i s  - no t  
recommended a s  a  p r i c i n g  t o o l  f o r  products  t o  be  so ld  un le s s  t h e  u s e r  f u l l y  
understands what is  involved. When the  f u t u r e s  p r i c e  i s  s i g n i f i c a n t l y  lower than  
t h e  o r i g i n a l  s t r i k e  p r i c e  a t  e x p i r a t i o n  of t h e  opt ion,  s e l l i n g  a  f u t u r e s  c o n t r a c t  
would have r e s u l t e d  i n  t h e  h ighes t  n e t  pr ice .  
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